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ABSTRACT 
 
Six Newcastle disease virus (NDV) strains, Dikheinat-1990 (DIK-90), Dongola, 
Gedarif.Elsoufi.1 (GD.S.1), I2, Lasota and Clone 30 were propagated in chicken 
embryonated eggs and identified by hemagglutination inhibition test (HI). RNA 
was extracted from allantoic fluid harvests of the various strains. Two step reverse 
transcription-polymerase chain reactions (RT-PCR) were carried out, which 
amplified 805 base pair (bp) of the first part, including the cleavage site, of the 
fusion protein gene (F gene) of NDV strains using a set of gene specific primers. 
Following sequencing, alignment of the resulted gene sequences were carried out 
using ClustalX program. The annotation and subsequent steps were implemented 
using MEGA 4 program. 714 bp were translated to protein sequence and used to 
analyze the cleavage site motives of the F protein, which is a known virulent 
determinant of NDV strains, in order to differentiate between virulent and a 
virulent NDV strains.Genetic analyses of NDVs have demonstrated a relationship 
between the amino acid sequence at the F protein cleavage site and virulence 
among various strains. Results indicated that the three test strains Dongola, 
GD.S.1, DIK-90 and the reference vaccinal strain Clone 30 have a motive of 
avirulent NDV 112G-R-Q-G-R-L117, while the I2 and Lasota possessed the motif 
of a typical low virulent NDV 112R-K-Q-G-R-L117 represented by lentogenic 
strains. The two velogenic strains DIK-90 and GD.S.1 have the cleavage site 
motive of lentogenic strain, unexpectedly. This suggests that the cleavage site 
motif of the F protein is not the only factor that determines the virulence of NDV 
strains. Phylogenetically from this study, it could be shown that all the strains 
cluster into genotype II. 
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INTRODUCTION 
Newcastle disease (ND) is an infectious, highly contagious and pathogenic avian 
viral disease caused by a paramyxovirus. Defined as a List A disease by the Office 
International des Epizooties (OIE), it causes severe economic losses in domestic 
poultry. ND is endemic in many parts of both the developing and the developed 
world (reviewed in Alexander, 2001; Alders and Spradbrow, 2001).  
The etiological agent of ND is Newcastle disease virus (NDV) classified in 
Avulavirus genus within the family Paramyxoviridae in the order Mononegavirales 
(Mayo, 2002a,b). NDV has two classes (I & II) each has nine identified serotypes, 
NDV also referred to as avian paramyxovirus_1 (APMV-1), one of  classI nine 
identified serotypes of paramyxoviruses known to infect birds (Box et al., 1988). 
Strains of NDV have been distinguished on the basis of symptoms produced in 
infected chickens into five groups or pathotypes were defined as Viscerotropic 
velogenic (VV), neurotropic velogenic (NV), mesogenic, lentogenic and 
asymptomatic enteric pathotype (Alexander, 1997).  
The genome of NDV codes six proteins namely: nucleoprotein (NP), 
phosphoprotein (P), matrix protein (M), fusion protein (F), haemagglutinin-
neuraminidase protein (HN) and the large polymerase protein (L).  
ND was first reported in the Sudan in 1951 (Anon, 1951), The virus was isolated 
and identified for the first time during an ND outbreak in 1962 (Karrar and 
Mustafa, 1964).  Since then, ND has been periodically reported from all regions of 
Sudan, where heavy losses have been reported among both exotic and indigenous 
chicken breeds. Birds of all ages are affected, and in the commercial sector, losses 
of 70, 98 and 62% in chicks, growers and adults, respectively, have been recorded 
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(Khalafalla and Awad, 2001). Despite vaccination, NDV continues to circulate and 
cause outbreaks in poultry farms across the Sudan. Little, however, is known of the 
exact strains that cause these outbreaks (Hassan et al., 2009).  
Isolation of NDV is not sufficient to confirm a diagnosis of Newcastle disease. The 
virulence of the isolate has to be characterized by determining the intracerebal 
pathogenicity index (ICPI). However, virus isolation and determination of the ICPI 
together take at least five days. Thus, to prevent further spread of the disease, faster 
methods are required that enable differentiation of virulent and non-virulent NDV 
strains (Pham et al., 2005). 
The virulence of NDV strains is related to the cleavability of the F0 protein. In 
virulent strains, the F0 protein of virulent strains is cleaved into the subunits F1 
and F2 by ubiquitous host proteases found in most tissues, whereas the F protein of 
non-virulent strains is cleaved only in cells containing trypsin-like enzymes. This 
enables virulent strains to spread faster within the host. Nucleotide sequencing of 
the F0 gene made it clear that this variable cleavability is caused by different 
amino acid compositions at the cleavage site (Glickman et al, 1988; Toyoda et al, 
1987). 
The aims of this study are: 
1. to differentiate between virulent and avirulent NDV strains by analyzing 
cleavage site motive of fusion protein of some Sudanese NDV strains and to 
study phylogenetic relationship in attempt to support the result of protein 
sequence analysis. 
2. to provide reference sequences of the fusion gene cleavage site of some 
Sudanese NDV strains. 
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CHAPTER ONE 
REVIEW OF LITERATURE 
 
1.1 Newcastle disease 
1.1.1 Definition  
Newcastle disease (ND) is a highly contagious and fatal viral disease that affects 
all species of birds. However, chickens appear to be the most susceptible to the 
disease whereas aquatic birds, including geese and ducks, are relatively resistant 
(Alexander, 2003). The clinical signs seen in birds affected by this disease vary 
widely and are dependent on factors such as the virus strain, host species and age, 
immune status, environmental stress and presence of infection with other 
organisms. In chicken, the disease may vary from sudden death with 100% 
mortality to subclinical disease (Alexander, 1997). The disease has a worldwide 
distribution, and is a major threat to poultry industry due to the huge economic loss 
associated with it (Alexander, 1988a). ND is the most important disease of poultry 
worldwide ever since the advent of high density, confinement husbandry system 
(Murphy et al., 1999). In Africa, ND is the major constraint to rural chicken 
development. This disease is listed as a notifiable disease by the World 
Organisation for Animal Health (OIE, 2009). 
ND is caused by avian paramyxovirus serotype 1 (APMV-1) viruses which belong 
to the genus Avulavirus in the family Paramyxoviridae, order Mononegavirales 
(Mayo, 2002). The paramyxoviruses isolated from avian species have been 
classified by serological testing into nine serotypes designated APMV-1 to APMV-
9 (Rima et al., 1995). Strains of NDV are classified into three main pathotypes 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
4
depending on the severity of disease produced in chickens. Lentogenic strains do 
not cause disease and are considered avirulent. Viruses of intermediate virulence 
are termed mesogenic, while virulent strains that cause high mortality are termed 
velogenic (Alexander, 1997). The virulence determinants of NDV are not 
completely understood. The amino acid sequence at the fusion (F) protein cleavage 
site has been postulated as a major determinant of NDV virulence (Alexander, 
1997; Peeters et al., 1999).   
The Office International des Epizootics (OIE) in 1991, following the adoption of 
the definition put forward by the Member States of the European Economic 
Community (EEC) defined ND as follows: “Newcastle disease is an infection of 
birds caused by a virus of (APMV-1) that meets one of the following criteria for 
virulence: a) the virus has an intracerebral pathogenicity index (ICPI) in day-old 
chicks (Gallus gallus) of 0.7 or greater, or b) multiple basic amino acid have been 
demonstrated in the virus (either directly or by deduction) at the C-terminus of the 
F2 protein and phenylalanine (F) at residue 117, which is the N-terminus of the F1 
protein. The term ‘multiple basic amino acids’ refers to at least three arginine (R) 
or lysine (K) residues between residue 113 and 116. Failure to demonstrate the 
characteristic pattern of amino acid residue as described above would require 
characterization of the isolated virus by an ICPI test” (OIE, 2009). According to 
the OIE above mentioned definition, amino acid residue are numbered from the N-
terminus of the amino acid sequence deduced from the nucleotide sequence of the 
F0 (uncleaved) gene, 113- 116 corresponds to residues -4 to -1 from the cleavage 
site. 
Vaccines consist of either live or inactivated viruses have been developed and 
applied to minimize the impact of ND. However, the incidence of this disease 
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remains high. A better understanding on the genotypical history of NDV might be 
able to facilitate the development of more effective vaccines (Lien et al., 2007). 
1.1.2 History 
The first description of a disease outbreak in poultry that resembled ND occurred 
in 1926 in Java, Indonesia (Kraneveld, 1926) and Newcastle-upon-Tyne, England 
(Doyle, 1927). However, there were reports of outbreaks of a similar disease in 
Central Europe that predated the Java and Newcastle reports (Macpherson, 1956; 
Halasz, 1912). It was of the view that the death of all chickens in the Western Isles 
of Scotland in 1896 was due to ND (Macpherson 1956). Naming the disease 
“Newcastle disease” after the outbreak in Newcastle-upon-Tyne in Great Britain 
was to avoid giving a scientific name that may be confused with other disease 
entities. The name or nomenclature (APMV-1) as suggested by Tumova et al, 
(1979) is frequently used in place or together with the name ND in an effort to 
conform with the rules of naming individual isolates as recommended by the 
World Health Organisation (WHO) (WHO, 1980). Levine, (1964) claimed that ND 
might have been present in Korea as early as 1924. ND outbreaks also occurred in 
Ranikhet, India in 1927 (Edwards, 1928). In the United States, a disease of poultry 
characterized by mild respiratory and neurological signs was reported and termed 
pneumoencephalitis (Beach, 1942), but was later discovered to be ND. Since then 
numerous (NDV) that produce mild or no disease in chickens were isolated and 
reported around the world (Hitchner and Johnson, 1948; Asplin, 1952; Simmons, 
1967; McFerran and Nelson, 1971). It is however possible that several outbreaks of 
ND may have occurred earlier and gone unrecognised in other places possibly due 
to the lack of expertise to recognise the new disease (Alexander, 1988b). 
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Looking at the pattern of outbreaks all over the world, several panzootics of ND in 
poultry might have occurred since 1926 (Alexander et al., 2004). According to 
these authors, the first panzootic which started in the Far East spread very slowly 
across the globe and might have taken up to 20 years, but never reached poultry in 
the USA. The second panzootic, which started at the end of 1960s was able to 
spread to all corners of the earth within the span of 4 years (Hanson, 1972). The 
reason for the fast spread of the second panzootic was attributed to the 
development of the poultry industry, the commercialization of feed production and 
the enhanced trade in captive birds due to improved air transportation all of which 
lead to greater contact between individual farms and birds of different regions of 
the world. Imported cage birds were known to be responsible for the introduction 
of panzootic virus into California poultry (Hanson, 1972; Francis, 1973). 
Outbreaks of ND in 1970 to 1972 in USA were linked to the importation of exotic 
birds (Walker et al., 1973). The third panzootic started in late 1970s going by 
antigenic and genetic evidence (Alexander et al., 1997; Lomniczi et al., 1998; 
Herczeg et al., 2001). Its spread was masked by the global use of vaccines since 
the mid-1970s. The fourth panzootic occurred in the 1980s in racing and show 
pigeons (Columba livia) and not in poultry, but the latter was said to be responsible 
for the spread of the virus into these categories of birds (Alexander et al., 2004).  
ND was first reported in the Sudan in 1951 (Anon, 1951). The virus was isolated 
and identified for the first time in 1962 during an ND outbreak (Karrar and 
Mustafa, 1964).  Since then, ND has been periodically reported from all regions of 
the country, where heavy losses have been reported among both exotic and 
indigenous chicken breeds. In village chickens, birds of all ages are affected, and 
in the commercial sector, losses of 70, 98 and 62% in chicks, growers and adults, 
respectively, have been recorded (Khalafalla and Awad, 2001). Despite 
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vaccination, NDV continues to circulate and causes outbreaks on poultry farms 
across the Sudan. Little, however, is known of the identity of strains that cause 
these outbreaks (Hassan et al,. 2009). According to the Ballouh et al, (1983), 
twelve of the NDV strains were isolated from the country during 1963-1979. Eight 
of them were velogenic and four were mesogenic. During the year 1984-1985, four 
virus strains were isolated from outbreaks around Shambat, north of Khartoum 
(Haroun et al., 1992). In another study, six strains were isolated from outbreaks in 
the country between 1988 and 1991 (Khallafalla et al., 1992). All of these isolates 
were similar in that they killed chicken embryos quickly, in mean death time 
(MDT) and embryo lethal dose 50 (ELD 50), had higher ICPI and characteristics 
of the viscerotropic velogenic strains of NDV.  
According to phylogenetic analysis, it can be proposed that genotype VI of NDV is 
present in Sudan since 1970s (Ujvári et al., 2003). Genotype IV contains the 
isolate BSDCK72176, a virus isolated from Sudanese fowls in 1991 (Aldous et al., 
2003). It also contains the isolate Chicken/Sudan/Obied/87 isolated from Obied in 
1987 (Hassan et al., 2009). Genotype VIId that was isolated from vaccinated 
immature and adult layer flocks in Khartoum State and eastern Sudan (Gadarif) 
between 2003 and 2006 has been maintained by enzootic infection in recent years 
in Sudan and might have spread via a trade partner from Middle East (Hassan et 
al., 2009).  
According to Abdelaziz, (2001), it can be concluded that the prevalence of ND as 
measured by the sero conversion seemed to be higher in Gedarif area (East Sudan) 
compared to Khartoum (Middle Sudan), Eldamar (North Sudan) or Kordofan 
(West Sudan). 
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1.2 Newcastle disease virus (NDV) 
1.2.1 Classification and Pathotypes 
The causative agent of the disease is NDV, a member of the genus Avulavirus of 
the subfamily Paramyxovirinae within the Paramyxoviridae family, order 
Mononegavirales (Mayo, 2002). 
 The paramyxoviruses isolated from avian species have been classified by 
serological testing into 9-serotypes designated APMV-1 to APMV-9 (Alexander, 
2003). The family Paramyxoviridae is subdivided into the subfamily 
Paramyxovirinae and Pneumovirinae, the former containing the genera 
Respirovirus, Rubulavirus, Avulavirus, Henipavirus, and Morbillivirus, 
Pneumovirinae containing genera Pneumovirus and Metapneumovirus (Murphy et 
al., 1999). 
Strains of NDV differ widely in virulence, depending on the cleavability and 
activation of their hemagglutinin-nuraminidase and fusion glycol-protein (Murphy 
et al,. 1999). The most widely used standard methods for determining virulence of 
NDV isolates are the intracerebral pathogenicity index (ICPI) and/or intravenous 
pathogenicity index (IVPI), and embryonating egg inoculation to determine mean 
death time (MDT). Based on those results, virus strains are classified into three 
major pathotypes, to include lentogenic (low virulence), mesogenic (moderate 
virulence), and velogenic (high virulence). In chickens lentogenic strains produce 
mild or inapparent respiratory infections. Mesogenic strains are associated with 
low mortality, acute respiratory disease, and neurologic signs in some birds. The 
velogenic strains are further divided into either neurotropic velogenic NDV 
(causing respiratory and neurologic signs with high mortality) or viscerotropic 
velogenic NDV (acute lethal infections with necro-hemorrhagic lesions most 
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obvious in the gastrointestinal tract) (Alexander, 2003; Alexander, 1998; Huang et 
al., 2004). 
1.2.2 Virion properties and genome organization 
Paramyxovirion are pleomorphic, enveloped, and roughly spherical ranging 
between 150 to 400nm in size (Dubois-Dalcq et al., 1984). The envelope 
membrane contains 8-12nm glycoprotein spikes (Lamb and Kolakofsky, 2001). 
The NDV genome consists of a negative-sense; single-stranded RNA molecule of 
5.2 to 5.7 x 106 Daltons molecular weight (Kolakofsky et al., 1974) and replicates 
entirely in the cytoplasm of host cells (Lamb and Kolakofsky, 2001). The genome 
has 15,186; 15,192 or 15,198 nucleotides (Phillips et al., 1998; Huang et al., 2004; 
Czeglédi et al., 2006). The genome codes six proteins namely: nucleoprotein (NP), 
phosphoprotein (P), matrix protein (M), fusion protein (F), haemagglutinin-
neuraminidase protein (HN) and the large polymerase protein (L) in the 3'-NP-P-
M-F-HN-L-5' order (Lamb and Kolakofsky, 1996). Paramyxoviridae accessory 
genes V and W occur mostly as ORFs (open reading frames) that overlap within 
the P gene transcriptional unit (Lamb and Kolakofsky, 2001). The nucleocapsid 
protein (NP) is the major structural unit of the nucleocapsid (Samson, 1988). It 
appears as a flexible helical structure with a diameter of about 18 nm and 1µ m 
length in negative-staining electron microscopy and consists of a single 
polypeptide of 489 residues with a molecular weight of about 53 kDa (Yusoff and 
Tan, 2001). NP performs several functions in viral replication such as 
encapsidation of the genome RNA into an RNase-resistant nucleocapsid thereby 
acting as a transcription anti-terminator, preventing the polymerase from stopping 
subsequent transcription (Peeples, 1988). The action of NP in the transcription-
replication process is in association with the P-L polymerase and the M-protein. 
The helical assembly of nucleocapsid emerging from the disruptive virus particle is 
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known as ‘herring bone’ and is typical of paramyxovirinae family (Kolakofsky et 
al., 2005).  
The phosphoprotein (P) has 395 amino acids with a calculated molecular weight of 
~42 kDa (McGinnes et al., 1988; Steward et al., 1993). The precise role of P is not 
known but it plays numerous functions in the replication and transcription of virus. 
As part of the P-L complex, P is known to stabilize the L protein as they act as the 
viral RNA dependent RNA polymerase (Smallwood et al., 1994). P also prevents 
the uncontrolled encapsidation of non-viral RNA by the NP protein (Errington and 
Emmerson, 1997). P may also function in the enzymatic activities of the 
nucleocapsid like polyadenylation, capping, methylation or cleavage of mRNA, or 
even as a cofactor in transcription (Peeples, 1988). The overlapping V ORF is 
found on the P gene and the V protein has been associated with replication and 
pathogenesis of the virus by serving as a virulence factor (by inhibiting the 
activation of host interferon) (reviewed in Zou et al., 2005). The largest NDV 
protein (L, approximately 250 kDa) comprises 2204 amino acids (Yusoff et al., 
1987) and together with P, they constitute the RNA-directed RNA polymerase 
found in virions (Hightower et al., 1975; Samson, 1988). L is thought to be 
responsible for the catalytic activity of the transcriptase complex (Samson, 1988). 
L may also be involved in transcript modification as well as capping, methylation 
and polyadenylation (Hunt et al., 1984). 
The M gene contains 364 amino acids and has a calculated molecular weight of 
approximately 40 kDa (Chambers et al., 1986b; Seal et al., 2000). The M protein is 
believed to play an important role in the assembly of virus during replication and 
to interact with the nucleocapsid, lipid bilayer and the exposed surface 
glycoproteins of membranes to perform its function (Yusoff and Tan, 2001). The 
HN glycoprotein is made up of about 2000 nucleotides that carry an ORF encoding 
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571, 577, 581 or 616 amino acids (Sakaguchi et al., 1989; Tan et al., 1995). 
HN0616 which is the largest of all is convertible to a biological active HN protein 
through proteolytic cleavage of residues from the C-terminus of the HN0 precursor 
(Sakaguchi et al., 1989) while the other three amino acids are already in their 
active forms and are usually found in virulent strains (Yusoff et al., 1997). HN 
protein possesses haemagglutinin (HA) and neuraminidase (NA) activities (Scheid 
and Choppin, 1974). HN is responsible for viral attachment to its host cell and act 
as a pathogenic determinant of NDV (Lamb, 1993; Lamb and Kolakofsky, 2001; 
Yusoff and Tan, 2001). The ability of the HN protein to bind to receptors on the 
surface of red blood cells (RBCs) provides NDV and other paramyxoviruses with 
the ability to agglutinate RBC. The ability to haemagglutinate RBCs and specific 
inhibition of agglutination by antisera (Burnet, 1942) has become a useful 
diagnostic tool. The thermostability of the HN protein has also become a useful 
tool for characterization and epizootiologic studies (Hanson and Spalatin, 1978) as 
well as a rapid method for distinguishing virulence between strains. The F protein 
that mediates fusion of viral and host cellular membrane contains 553 amino acids 
with a calculated molecular weight of ~55 kDa (Chambers et al., 1986a; Salih et 
al., 2000). The earliest work showing the involvement of F protein in fusion 
activity was from the finding that the F protein precursor (F0) is synthesized in an 
inactive form and has to be activated by cleavage with the host protease into a 
biologically active disulfide-linked heterodimer, F1 and F2 polypeptides (Homma 
and Oluchi, 1973; Scheid and Choppin, 1974; Scheid et al., 1978). The cleavability 
of the precursor F0 to F1 and F2 is the major determinant for virulence (Peeters et 
al., 1999). The OIE (OIE, 2000) has proposed the use of sequencing procedures of 
the F1/ F2 cleavage site as an alternative method for studying the pathogenicity of 
NDV in vivo. This is because the pathogenicity of NDV is closely linked to the 
biological properties of the F glycoprotein (Rott and Klenk, 1988). In addition, the 
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sequencing of the cleavage site of the F gene has provided researchers with a tool 
to differentiate between highly virulent and low-virulence NDV strains 
(Meulemans et al., 2002). 
1.2.3 Viral replication 
All steps of NDV replication take place in the cytoplasm of the infected host cell. 
NDV infection of the host cell is initiated by first binding to the sialic-acid 
containing receptors in the plasma membrane. Attachment of the HN protein to the 
receptor activates and leads to conformational changes in the F protein. The F 
protein is synthesized as a non-functional precursor which requires post-translation 
cleavage to F1 and F2 by host protease’s directs fusion of the viral membrane with 
the host cell plasma membrane at neutral pH (White, 1990). For most 
paramyxoviruses, co-expression of the F and HN proteins from the same virus is 
necessary for efficient membrane fusion (reviewed in White, 1990; Lamb, 1993; 
Morrison, 2003). After fusion of the viral membrane and the host cell membrane, 
the viral nucleocapsid dissociates from the M protein by an unknown mechanism 
and is delivered into the cytoplasm of the cell. The viral polymerase complex 
transcribes each gene in the RNA genome. Following translation of the primary 
transcripts and accumulation of the viral proteins, antigenome synthesis 
commences. The products of this synthesis are then used by the same polymerase 
complex to produce exact, complementary copies of full length, negative-sense 
genomes that will be packaged into virions (Lamb and Kolakofsky, 2001). The 
viral nucleocapsids are assembled in two steps; first, the newly synthesized NP 
associates with nascent genomic RNA to form the helical nucleocapsid structure, 
and second, the P-L polymerase complex associates with the nucleocapsid. The 
well conserved N-terminal region of NP contains the RNA binding domain and the 
determinants for the NP-NP interaction that forms the helical structure (Curran et 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
13
al., 1993; Bankamp et al., 1996; Myers et al., 1997). The C-terminal region of NP 
contains the domains that bind with the P protein (Buchholz et al., 1994). The C-
terminal region is also responsible for its specific interaction with the M protein 
and is hypothesized to be necessary for the incorporation of nucleocapsid into 
virions (Coronel et al., 2001). The two newly synthesized HN and F glycoproteins 
are transported to the surface of infected cells. Viral glycoproteins are synthesized 
in the endoplasmic reticulum and undergo a series of conformational maturation 
steps prior to transport through the secretory pathway (Lamb and Kolakofsky, 
2001). NDV has two forms of F protein, the classical type I transmembrane 
glycoprotein and the partially translocated alternate form of F protein in which 
both the amino terminus and Carboxy terminal domain of the protein are 
translocated across the membrane (McGinnes et al., 2003). Paramyxovirus 
assembly takes place at the plasma membrane of infected cells (Lamb and 
Kolakofsky, 2001). All components of the virus, the nucleocapsid, M protein, and 
the envelope glycoproteins are transported to the plasma membrane and virions are 
assembled and particles are released by the process of budding. NDV virion 
components are enriched in lipid rafts within the plasma membrane, and it has 
been suggested that these specific domains serve as sites of virus assembly and 
budding (Laliberte et al., 2006) 
1.2.4 Resistance to physical and chemical agent 
NDV is labile to the effects of heat or desiccation and are destroyed easily by 
common disinfectants and lipid solvents (Murphy et al,. 1999). The virus can also 
be inactivated in varying degrees by physical and chemical agents including 
ultraviolet, oxidation processes, and chemical compounds (Lysol, phenol...etc).  
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1.2.5 Transmission 
ND is one of the most contagious of all viral diseases, spreading rapidly among 
susceptible birds, in some cases seemingly in mysterious fashion. In addition to 
chickens, turkeys, pheasants, guinea fowl, ducks, geese, and pigeons, a wide range 
of captive and free-ranging semi-domestic and free-living birds, including 
migratory waterfowl, are susceptible (Murphy et al,. 1999). In birds that survive, 
virus is shed in all secretions and excretions for at least 4 weeks. Transmission 
occurs by direct contact between birds by the airborne route via aerosols and dust 
particles and via contaminated feed and water. Mechanical spread between flocks 
is favored by the relative stability of the virus and its wide host range. In 
lentogenic strains, transovarial transmission is important, and virus-infected chicks 
may hatch from virus-containing eggs. Trade in infected avian species and 
products plays a key role in the spread of ND from infected to non-infected areas. 
Caged or aviary birds imported from endemic regions constitute a risk for the 
introduction of exotic velogenic strains of the virus into areas where there are 
commercial poultry industries. Some psittacine species may become persistently 
infected with velogenic virus and excrete it intermittently for more than 1 year 
without showing clinical signs. Virus may also be disseminated by frozen 
chickens, uncooked kitchen refuse, foodstuffs, bedding, manure, and transport 
containers (Murphy et al,. 1999). 
1.2.6 Pathogenesis 
The pathogenesis of NDV varies greatly and depends on a number of principal 
factors, which include the virulence of the infecting virus and tropism of the virus 
(reviewed in Lewis, 2005). The host to a large extent plays an important role in the 
virulence of NDV strains. Chickens are highly susceptible while ducks and geese 
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may not show clinical signs when infected even by strains lethal to chickens 
(Higgins, 1971). Other factors which may influence the appearance of the disease 
in chickens includes the age and immune status of the bird, dose of the virus and 
route of exposure, concurrent infection and social and environmental stress. All 
these factors go a long way to determine the course of the disease or infection. In 
chickens, the virus enters the body via the respiratory and the intestinal tract and is 
mostly caught either in the nose or the trachea. Once in the trachea, the virus 
spread by ciliary action and cell-to-cell infection (reviewed in APHIS, 2005). From 
the initial multiplication at the point of introduction, virus is carried by viraemia to 
the liver, spleen, kidney and lungs and virus can be found in practically all tissues 
within 22-44 hours of infection. Virus invades the brain after multiplication in non-
nervous tissues has ceased (from 60 hours post-infection) whereupon birds start 
dying (Kouwenhoven, 1993). In natural or experimental infection, viral replication 
occurs at the site of initial exposure, followed by primary viraemia. Wide spread 
multiplication of virus in cells of parenchymal organs lead to a secondary viraemia, 
which in some instances leads to infection of the CNS (Yuan, 1999).  
1.2.7 Pathogenicity 
The pathogenicity of NDV isolates can be evaluated by 1) the MDT in chicken 
embryos, 2) the ICPI in 1-day old chicks, or 3) the IVPI in 6-week old chickens. In 
the MDT assay, velogenic isolates have an MDT of less than 60 hours, mesogenic 
strains have an MDT of 60-89 hours, and lentogenic viruses have an MDT greater 
than 90 hours. The ICPI and IVPI tests are scoring systems that evaluate illness or 
death in chickens. The values in the ICPI test range from 0 to 2.0; the most virulent 
viruses approach 2.0, while lentogenic strains are usually close to zero. The values 
in the IVPI test are from 0 to 3.0; the IVPI for velogenic strains approach 3.0, 
while lentogenic strains and some mesogenic strains have IVPI values of zero. 
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However, some viruses that can produce severe disease have IVPI values of zero; 
the ICPI test is generally preferred for this reason. Other variations of these tests 
are also used; some can distinguish viscerotropic (velogenic) from neurotropic 
strains (CFSPH, 2005). 
Reverse-transcription polymerase chain reaction (RT-PCR), gene sequencing, 
restriction enzyme analysis and other molecular techniques are also used to 
identify APMV-1 in eggs or clinical specimens. Some of these tests can also 
determine the virus’s pathotype. Most isolates that are highly virulent for chickens 
have a particular sequence, 112R/K-R-Q-K/R-R116 (multiple basic amino acids) at 
the C-terminus of the F2 protein and phenylalanine at residue 117 at the N-
terminus of the F1 protein. The presence of this genetic sequence is enough to 
classify an isolate as highly virulent for the purposes of international trade. If this 
pattern is not present, the pathogenicity of the virus must be determined in the ICPI 
or other tests. Rapid diagnostic tests, as well as tests using monoclonal antibodies, 
are optimized for more virulent viruses, and may not identify some lentogenic 
viruses (particularly Class I isolates) (CFSPH, 2005). 
1.2.7.1 F0, the primary molecular determinant of virulence  
In order for the NDV particle to be infectious, the F0 precursor protein must be 
cleaved into disulphide-linked F2 and F1 polypeptides, so that the fusion peptide 
on F1 is exposed. This post translation cleavage is mediated by host cell proteases, 
and the cellular site of this cleavage depends upon the sequence at the cleavage 
site. Some F0 proteins have a furin recognition site (R-X-K/R-R) and are 
consequently cleaved in the trans-Golgi membranes by intracellular furin-like 
enzymes. In this case, the majority of F proteins delivered to the plasma membrane 
are potentially active F proteins. Thus, cleavage of F0 requires a double pair of 
basic amino acids (e.g. R and K) at residues 112 and 113, and 115 and 116, plus  F 
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at residue 117 (Collins et al., 1993). Virulent viruses can therefore replicate in a 
wide range of tissues and organs, resulting in a fatal systemic infection (Rott, 
1979). In contrast, F proteins of avirulent viruses have single basic residues at the 
cleavage site and are delivered to the plasma membrane in an inactive, uncleaved 
form. In order to direct fusion, these F proteins must be cleaved by an extracellular 
host cell enzyme (trypsin-like, which recognize a single Arg residue), usually 
found exclusively in the respiratory and intestinal tracts, thereby restricting 
replication to these tissues. As with Avian influenza virus (AIV), avirulent NDVs 
require the addition of exogenous trypsin to facilitiate replication in cell culture 
(Nagai et al., 1976). 
1.2.7.2 Other virulence determinants  
The F0 protein cleavage site is the primary determinant of virulence, however, 
comparison of the amino acid sequence of the F0 protein cleavage site with the 
ICPI for several NDV viruses has shown that significant differences in virulence 
can exist between strains with the same velogenic consensus sequence. For 
instance, virulent field strain Herts/33 with the cleavage site 112RRQRRF117 has 
an ICPI value of 1.88 whereas strains Beaudette C/45 and Komarov with the same 
sequence showed ICPI values between 1.4 and 1.5 (Collins et al., 1993). In 
addition, NDV isolates recovered from many different bird species with the same 
velogenic F protein cleavage site were found to exhibit different virulence levels in 
chickens. These NDV isolates were either mesogenic strains that produced mild 
pathogenesis or velogenic strains causing severe pathogenesis and death (de Leeuw 
et al., 2005). Moreover, using reverse genetics, (Peeters et al., 1999) established an 
infectious clone of the non-virulent Lasota strain (NDFL), and demonstrated that 
modification of the cleavage site 112GRQGRL117 to 112RRQRRF117 (NDFLtag) 
increased the ICPI from 0.00 to 1.28. Although NDFLtag contains exactly the 
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same F0 protein cleavage site as Herts/33, the ICPI did not reach the level of 1.88, 
indicating that other factors contribute to virulence. The most likely candidate 
would be the HN protein, since it is also involved in viral entry (de Leeuw et al., 
2005). The V protein is another candidate since it is an interferon antagonist (Park 
et al., 2003; Huang et al., 2003) and therefore is likely to be involved in 
pathogenesis and host-range restriction (Mebatsion et al., 2001; Park et al., 2003). 
1.3 Epidemiology   
1.3.1 Host Range 
ND viruses have been reported to infect animals other than birds, ranging from 
reptiles to man (Lancaster, 1966). Kaleta and Baldauf (1988) concluded that NDV 
infections have been established in at least 241 species of birds representing 27 of 
the 50 orders of the class. It seems probable that all birds are susceptible to 
infection but, as stressed by Kaleta and Baldauf, the disease seen with any given 
virus may vary enormously from one species to another. NDV isolates have been 
obtained frequently from migratory feral waterfowl and other aquatic birds. Most 
of these isolates have been of low virulence for chickens and similar to viruses of 
the "asymptomatic enteric" pathotype. The most significant outbreaks of virulent 
NDV in feral birds have been those reported in double-crested cormorants 
(Phalacrocorax auritus) in North America during the 1990s. Earlier reports of ND 
in cormorants and related species had been in the late 1940s in Scotland (Blaxland, 
1951) and in Quebec in 1975 (Cleary, 1977). Recent outbreaks in cormorants in 
North America were first seen in 1990 in Alberta, Saskatchewan and Manitoba in 
Canada (Wobeser et al., 1993). In 1992, the disease re-appeared in cormorants in 
western Canada, around the Great Lakes and North mid-west USA, in the latter 
case spreading to domestic turkeys (Mixson and Pearson, 1992; Heckert, 1993). 
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Antigenic and genetic analyses of the viruses suggested that all the 1990 and 1992 
viruses were very closely related despite the geographical separation of the hosts. 
Disease in double-crested cormorants was observed again in Canada in 1995 and in 
California in 1997 and in both instances NDV was isolated from dead birds; as 
before, these viruses appear to be closely related (Kuiken, 1998). Thirty-eight 
outbreaks of ND in commercial poultry were confirmed in 1997 in the United 
Kingdom (Alexander et al., 1998). There were also outbreaks caused by 
genetically similar viruses in Scandinavian countries in 1996 (Alexander et al., 
1999). These, linked to the unusual patterns of movement of migratory birds at the 
end of 1996 and the beginning of 1997, suggest that migratory birds may have 
been responsible for the primary introduction of the causative virus into Great 
Britain (Alexander et al., 1998). Virulent NDV isolates have often been obtained 
from captive caged birds (Senne et al., 1983). Kaleta and Baldauf (1988) pointed 
out the likelihood that infections of recently imported caged birds resulted from 
enzootic infections in feral birds in the countries of origin. They considered that 
the infections probably originated at holding stations before export, either as a 
result of enzootic NDV at those stations or of spread from nearby poultry such as 
backyard chicken flocks. Panigrahy et al. (1993) described outbreaks of severe ND 
in pet birds in six states in USA in 1991. Illegal importations were assumed to be 
responsible for the introductions of the virus. Virulent NDV strains have been 
isolated from all types of commercially reared poultry, ranging from pigeons to 
ostriches. In the late 1970s, an NDV strain, PPMV-1, showing some antigenic 
differences from classical strains, appeared in pigeons. It probably arose in the 
Middle East and subsequently produced a true panzootic, spreading in racing and 
show pigeons to all parts of the world (Alexander, 1997). 
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1.3.2 Genotypes and global epidemiology  
Binding pattern analysis of a panel of monoclonal antibodies (mAbs) has been 
used to separate NDV isolates into specific antigenic groupings (Alexander et al., 
1997). This system has been proven useful for rapidly sorting viruses into broad 
groups, and the mAb groups described by Alexander et al. (1997) have been used 
as a descriptive basis (Aldous et al., 2003). mAb bind to viruses that are 
antigenically similar, although not genetically identical (Alexander et al., 1999; 
Aldous et al., 2003). Restriction enzyme analysis defined six lineages (I to VI) of 
NDV (Ballagi-Pordany et al., 1996) and nucleotide sequencing confirmed these six 
groups, adding two more lineages, VII and VIII. Several sublineages have been 
described within these eight lineages (Lomniczi et al., 1998; Seal et al., 1998; 
Herczeg et al., 1999; Yang et al., 1999; Herczeg et al., 2001; Ke et al., 2001; Yu et 
al., 2001). Although considerable genetic diversity has been detected in NDV, 
viruses sharing temporal, geographic, antigenic or epidemiological parameters tend 
to fall into specific lineages or clades and this has been proven valuable in 
assessing both the global epidemiology and local spread of ND (Alexander, 2000 
and Aldous et al., 2003). Thus, three main panzootics of ND have been defined 
(Alexander, 1997; Lomniczi et al., 1998; Sakaguchi et al., 1989; Toyoda et al., 
1989; Ballagi-Pordany et al., 1996; Lomniczi et al., 1998). Recently, the genetic 
groupings of ND viruses were revised, and six lineages (1 to 6) and sub lineages 
were described (Aldous et al., 2003): 
1.3.2.1 Lineage 1 
Lineage 1 was isolated worldwide from 1967 to 2000, the main pathotypes are 
asymptomatic enteric, but some velogenic viruses are included. The main hosts are 
ducks and chickens. In recent years, Queensland/V4 and Ulster2C/67 derivatives 
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have been used as live vaccines in many countries. These viruses, with few 
exceptions, usually cause little or no disease in chickens, replicate primarily in the 
gut, and are often isolated from feral waterfowl throughout the world (Aldous et 
al., 2003). Two isolates in this group are virulent, apparently derived from an 
avirulent precursor strain (Gould et al., 2001). 
1.3.2.2 Lineage 2 
Lineage 2 (II) was isolated worldwide from chickens and ostriches from 1945 to 
2000, and consists of mixed pathotypes. This lineage contains viruses that had 
origins in North America, including the virulent Texas GB/48 and the avirulent 
B1/47 and La Sota/46 strains. B1/47, LaSota and to a lesser extent strain F are 
widely used as live vaccines throughout the world. Komarov and Roakin, both 
mesogenic strains, are also used as vaccines in some parts of the world where ND 
is endemic (Aldous et al., 2003). 
1.3.2.3 Lineage 3 
Sublineage 3a (III; IV) viruses were isolated from 1932 to 1999 in Asia, Australia 
and Europe. They are velogenic viruses, isolated mainly from chickens. These 
include the 'ancient' isolates from Australia (1932) and Japan (1951, Miyadera/51), 
the highly virulent UK isolate from a field pheasant (1962), and the mesogenic 
vaccine strain Mukteswar used widely in south east Asia. Sublineage 3b (IV) was 
isolated from 1933 to 1989 in Asia, Africa and Europe and these viruses are 
velogenic in quail and chicken, their main hosts. This sublineage includes the 
Herts/33 virus, one of several reference strains. Sublineage 3c (V) velogenic 
viruses were isolated from 1970 to 1994 from Africa, America and Europe. Their 
hosts are chickens, pheasants, turkeys and cormorants. Sublineage 3c is largely 
composed of isolates derived from or considered to be from the 'second' NDV 
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panzootic in the 1970s, which was influenced by trade in exotic birds (Alexander, 
2001). Sublineage 3d (VIII) is composed of velogenic viruses isolated from 1965 
to 1994 in South Africa, Asia and Europe from chickens and turkeys (Aldous et al., 
2003). 
1.3.2.4 Lineage 4 
Sublineage 4a (VIa; VIe) viruses are velogenic, isolated from 1968 to 1996 in 
Africa, Europe and the Middle East from falcons and chickens. Sublineage 4b’s 
(VIb) velogenic viruses were isolated from 1984 to 2000 from European and 
Middle Eastern pigeons, and this sublineage is comprised solely of viruses 
associated with the ongoing panzootic in pigeons. Sublineage 4c contains 
velogenic viruses isolated from 1989 to 1999 in Europe and the Middle East from 
chickens and falcons, whereas sublineage 4d comprises velogenic viruses isolated 
from 1989 to 1999 in Europe from chickens, pigeons and ostriches (Aldous et al., 
2003). 
1.3.2.5 Lineage 5 
Lineage 5 consists exclusively of velogenic viruses. Sublineage 5a (VII) viruses 
were isolated in Europe from 1988 to 1996 from chickens and pheasants. Lineage 
5b (VIIb) viruses were isolated from 1982 to 2000 from Africa, Asia and Europe 
from chickens, pheasants, falcons and turkeys. Lineage 5c (VIIc) viruses were 
isolated from 1984 to 1999 from Asia and Europe. Sublineage 5d (VIId) viruses 
have been isolated since 1997 from Asia and the Middle East from chickens and 
ostriches, and sublineage 5e (VIIe) viruses were isolated in Taiwan from 1994 to 
1997 from chickens and finches (Aldous et al., 2003). 
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1.3.2.6 Lineage 6 
Lineage 6 viruses were isolated worldwide from 1977 to 1998 from chickens and 
ducks. The majority are lentogenic, but the group does include some velogenic 
strains. Although their mAb binding pattern is unusual, they react readily with 
polyclonal sera to NDV strains and share neutralizing epitopes on the fusion 
protein with vaccinal NDVs (Collins et al., 1993; Alexander et al., 1997). All 
except one isolate are avirulent. On average, lineage 6 viruses have 50% sequence 
divergence from other isolates, and with the high degree of genetic heterogeneity, 
it has been suggested that this group of viruses should be regarded as an APMV 
subtype distinct from APMV-1 (ie not NDVs). However, the presence of a virulent 
virus in lineage 6 complicates control and statutory regulations, therefore the status 
quo remains (Aldous et al., 2003). 
1.4 Diagnosis 
ND is complicated in that different isolates and strains of the virus may induce 
enormous variation in the severity of disease, even in a given host such as chicken 
(Alexander, 1997). Thus, rapid, sensitive, and easy diagnostic methods for 
detecting NDV surely would pave the way for more effective control of the 
disease. The preferred method of diagnosis of NDV infection currently requires 
isolation of the virus and further characterization by means of pathogenicity tests 
in chicks or chickens, immunological assays and molecular tests to determine the 
subtype and virulence of the isolate (OIE, 2004). A provisional diagnosis of ND in 
the field is based on the history of the disease outbreak, the clinical signs and the 
lesions observed at necropsy. The clinical signs of ND vary widely and are 
dependent on the strain of the virus, the age of chicken, the presence of concurrent 
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infections, the immune status of the host and environmental stress, among others 
clinical signs associated with ND (Alders and Spradbrow, 2001).  
1.4.1 Clinical signs 
The clinical signs vary with the pathogenicity of the isolate and the species of bird. 
In chickens, lentogenic strains usually cause subclinical infections or mild 
respiratory disease with coughing, gasping, sneezing and rales. Mesogenic strains 
can cause acute respiratory disease and neurologic signs in some chickens, but the 
mortality rate is usually low. Lentogenic or mesogenic strains can produce more 
severe symptoms if the flock is co-infected with other pathogens. Velogenic strains 
cause severe, often fatal, disease in chickens. The clinical signs are highly variable. 
Most birds are lethargic and in appetent, and the feathers may be ruffled. 
Conjunctival reddening and edema may be an early sign. Some birds develop 
watery, greenish or white diarrhea, respiratory signs (including cyanosis) or 
swelling of the tissues of the head and neck. Neurologic signs including tremors, 
clonic spasms, paresis or paralysis of the wings and/or legs, torticollis and circling 
may also be seen. Nervous signs can occur concurrently with other symptoms but 
are generally seen later in the course of disease. Egg laying often declines 
dramatically, and eggs may be misshapen, abnormally colored, and rough or thin-
shelled, with watery albumen. Sudden death, with few or no symptoms, is also 
common. Birds that survive for two weeks usually live but may have permanent 
neurological damage and/or a permanent decrease in egg production. The 
symptoms may be less severe in vaccinated birds (CFSPH, 2005). 
1.4.2 Postmortem Finding  
Significant gross lesions are usually found only in birds infected withvelogenic 
strains. The head or per-orbital region may be swollen, and the interstitial tissue of 
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the neck can be edematous, especially near the thoracic inlet. Congestion or 
hemorrhages may be found in the caudal pharynx and tracheal mucosa, and 
diphtheritic membranes sometimes occur in the oropharynx, trachea and 
esophagus. Petechiae and small ecchymoses may be seen in the mucosa of the 
proventriculus. Hemorrhages, ulcers, edema and/or necrosis often occur in the 
cecal tonsils and lymphoid tissues of the intestinal wall including Peyer’s patches; 
this lesion is particularly suggestive of ND. Thymic and bursal heamorrhages may 
also be present, but can be difficult to see in older birds. The spleen may be 
enlarged, friable and dark red or mottled. Pancreatic necrosis and pulmonary 
edema can be found in some birds. The ovaries are often edematous or 
degenerated, and may contain hemorrhages. Some birds, particularly those that die 
suddenly, have few or no gross lesions. Similar lesions have been reported in 
geese, turkeys, pheasants and other species infected with virulent strains. In 
experimentally infected guinea fowl, the only significant lesions were hemorrhages 
at the tip of the glands of the proventriculus and in the cecal tonsil. In chickens 
infected with less virulent strains, the lesions may be limited to congestion and 
mucoid exudates in the respiratory tract, and opacity and thickening of the air sacs. 
More severe lesions can be seen in birds with secondary bacterial infections 
(CFSPH, 2005). 
1.4.3 Virus isolation 
The definitive diagnosis of ND is done through isolation and identification of the 
virus (Alexander, 1998). Tracheal and cloacal swabs are good sources of virus for 
isolation from living birds without having to kill them. A cotton-covered stick is 
inserted into the trachea or cloaca, and then put into a vial containing phosphate 
buffered saline plus penicillin and streptomycin. It is important to ensure that 
cloacal swabs are coated with faeces. These samples must be kept cool during 
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transport to the laboratory where they should be stored at 4°C if they are to be 
processed within 48 hours or frozen at least at -20°C until the isolation attempt. 
Although cloacal swabs or faeces should always be sampled, virus can also be 
isolated from homogenized organs from dead birds, chosen to reflect the clinical 
signs. Nine-day-old embryonated fowls’ eggs are injected with 0.1mL of the 
suspension into the allantoic cavity and returned to incubation. The eggs are 
candled twice daily. As dead eggs occur, they are chilled, together with all eggs 
after 5-7 days incubation, are chilled at 4°C at which point the allantoic fluid is 
then harvested and tested for its ability to haemagglutinate chicken red blood cells. 
Diagnosis is based on the inhibition of haemagglutination by specific anti-NDV 
serum. This proves infection of the bird by the virus, but does not indicate whether 
the virus is a pathogenic or avirulent strain (Alexander et al., 2004). 
1.4.4 Serological diagnosis 
In the absence of vaccination, the presence of specific antibodies against the ND 
virus indicates that the bird has been infected by the virus at some time, but not 
necessarily that it was suffering from the disease at the time of sampling. In 
practice, a high antibody titre is indicative of a recent infection. Two methods are 
used to measure antibody titres: the haemagglutination inhibition (HI) test, and the 
enzyme-linked immunosorbent assay (ELISA) (Alexander et al., 2004). 
1.4.4.1 Immunological diagnosis  
1.4.4.1.1 Immunoperoxidase 
 Direct detection of NDV can be achieved through in situ hybridization and 
immunoperoxidase assay (Russell et al., 1983; Lockaby et al., 1993; Brown et al., 
1999). immunoperoxidase, as a tool of diagnosis have been used to study the 
pathogenesis and pathology of ND in various avian species and tissues (Lockaby et 
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al., 1993; Ojok and Brown, 1996; Brown et al., 1999; Rao et al., 2002; Al-Garib et 
al., 2003b, Oldoni et al., 2005; Wakamatsu et al., 2006; Piacenti et al., 2006). 
Generally regarded as an alternative to virus isolation or serology, 
immunoperoxidase offers a rapid means of identifying various antigens, including 
viruses. The advantage of its use on formalin-fixed, paraffin embedded tissues 
means diagnosis can be obtained even in cases where fresh sera or fresh tissues are 
unavailable (Lockaby et al., 1993). Lockaby et al, (1993) used immunoperoxidase 
as staining technique for the diagnosis of ND in experimentally-infected SPF 
chickens and commercial broilers presented for diagnostic evaluation of 
spontaneous respiratory disease. Using a monoclonal antibody to NDV and 
specific against the phosphoprotein (P), they demonstrated positive staining of 
tissues from both the NDV-inoculated and the commercial broilers. Positive 
staining was seen as cytoplasmic inclusions in the tracheal and bronchial epithelial 
cells. Positive staining were even demonstrated early in the infections when the 
SPF birds were still serologically negative as a period of 10 days was shown to be 
necessary for the development of a significant serum ELISA titre to NDV in 
experimentally infected chickens (Lockaby et al., 1993). 
1.4.4.1.2 Heamagglutination inhibition 
 The most widely used methods for NDV detection are routine serological tests 
such as virus neutralization and (HI) assays (Alexander, 1989). Although these 
tests are relatively inexpensive and simple to perform, they can be time consuming 
and may lack the required sensitivity when sera from other species are tested. 
Cross reactions often occur in HI and the results obtained are often non-
reproducible when performed in different laboratories (Beard and Wilkes, 1985). 
In addition, virus neutralization requires the growth of the viruses in specific hosts 
or cell cultures.  
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1.4.4.1.3 Enzyme-linked immunosorbent assays 
 The indirect enzyme-linked immunosorbent assays (ELISAs) are now becoming 
more popular correlated to the HI tests (Brown et al., 1990; Cvelic-Cabrilo et al., 
1992; Cadman et al., 1997; Schelling et al., 1999). They are more sensitive and 
specific than HI (Williams et al., 1997). Initially, the whole virus was used as 
coating antigen for NDV detection (Miers et al., 1983; Wilson et al., 1984, Jestin 
et al., 1989) but it was not possible to discriminate naturally infected birds from 
those vaccinated with the corresponding subunit vaccine, For avian viruses such as 
NDV, a whole virus-based ELISA cannot make such a differential diagnosis since 
in both cases the antisera would react with the whole virus. 
 To achieve this, differential ELISA (Errington et al., 1995; Makkay et al., 1999) 
and Monoclonal antibody (mAb) blocking ELISA (Czifra et al., 1996) techniques 
were developed. These are more sensitive and specific than indirect ELISA and HI. 
Nevertheless, apart from HI, these tests are still the methods of choice in most 
laboratories for the detection of NDV. 
1.4.4.1.4 Other immunological diagnosis assays  
 Direct or indirect complement-fixation (CF) tests (Butterfield and Graves, 1974), 
latex agglutination test (LAT) (Thirumurugan et al, 1997), agar gel 
immunodiffusion (AGID) and counterimmunoelectrophoresis (CIE) have also been 
used for detection and diagnosis of ND (Roy and Venugopalan 1997). Analysis of 
the binding patterns of a panel of monoclonal antibodies (mAbs) has been used to 
separate NDV isolates into specific antigenic groupings (Alexander et al., 1997). 
This system has proved useful for rapidly sorting viruses into broad groups, and 
the mAb groups described by Alexander et al, (1997) have been used as 
adescriptive basis and separate NDV into 14 different patterns groups (A, B, C1, 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
29
C2, D, E, F, G and Q, H, L, J, P, NE, PORT). However, mAb binding tests have 
failed to differentiate viruses that were antigenically similar, although not 
genetically identical. 
1.4.5 Molecular based diagnostic methods 
Nucleic acid amplification is one of the most valuable tools in virtually all life 
science fields, including application-oriented fields such as clinical medicine, in 
which diagnosis of infectious diseases, genetic disorders and genetic traits is 
particularly benefited by this new technique. In addition to the widely used PCR-
based detection (Saiki et al., 1985 and Saiki et al.,1988), several amplification 
methods have been invented. They include nucleic acid sequence-based 
amplification (NASBA) (Compton, 1991), self-sustained sequence replication 
(3SR) (Guatelli, 1990) and strand displacement amplification (SDA) (Walker et al., 
1992). Each of these amplification methods has its own innovation to re-initiate 
new rounds of DNA synthesis. For example, PCR uses heat denaturation of double-
stranded DNA products to promote the next round of DNA synthesis. 3SR and 
NASBA eliminate heat denaturation by using a set of transcription and reverse 
transcription reactions to amplify the target sequence. Similarly, SDA eliminates 
the heat denaturation step in cycling DNA synthesis by employing a set of 
restriction enzyme digestions and strand displacement DNA synthesis with 
modified nucleotides as substrate. These methods can amplify target nucleic acids 
to a similar magnitude, all with a detection limit of less than 10 copies and within 
an hour or so, but still have shortcomings to overcome (Abramowitz, 1996 and 
Vrana, 1996). They require either precision instrument for amplification or an 
elaborate method for detection of the amplified products due to poor specificity of 
target sequence selection. Despite the simplicity and the obtainable magnitude of 
amplification, the requirement for a high precision thermal cycler in PCR prevents 
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this powerful method from being widely used, such as in private clinics as a routine 
diagnostic tool. On the other hand, NASBA and 3SR, which do not use thermal 
cycling, are compromised in specificity, resulting mainly from the necessity to use 
a relatively low temperature of 40°C for amplification. SDA largely overcomes 
these shortcomings by using four primers and isothermal conditions for 
amplification, but still has weak points: increased backgrounds due to digestion of 
irrelevant DNA contained in the sample and the necessity to use costly modified 
nucleotides as substrate. Although the use of multiple primers, such as in nested 
PCR and SDA, has improved amplification specificity for the target sequence, 
residual co-amplification of irrelevant sequences still causes a general setback in 
nucleic acid amplification, particularly for diagnostic use (Notomi et al., 2000). 
Recently, a novel method had been developed that can amplify a few copies of 
DNA to 109 in less than an hour under isothermal conditions and with greater 
specificity termed loop-mediated isothermal amplification (LAMP). This method 
relies on autocycling strand displacement DNA synthesis performed by using the 
Bst DNA polymerase large fragment (Notomi, et al., 2000, Mori et al., 2001; 
Nagamine et al., 2002). The characteristics of LAMP are rapidity under isothermal 
conditions, low reaction temperature (63 to 65°C), and high specificity for the 
target sequence. This is attributable to recognition of the target sequence at six 
independent sites in the initial stage and at four independent sites during the last 
stages. It requires only four primers, a DNA polymerase, and a regular laboratory 
water bath or heat block for reaction, making it simple to perform and affordable. 
In comparison with the traditional technique based on virus isolation in 
embryonated chicken eggs, LAMP can directly detect NDV from samples in only a 
few hours.  
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1.5 Vaccination  
There is no treatment for Newcastle disease, therefore stamping out policy (based 
on slaughter of infected and potentially infected birds, quarantine procedures, 
cleaning and disinfection) or vaccination, or a combination may be used to control 
ND-free countries, eradication by stamping out is usually the preferred option. 
(Copland 1987; Spradbrow, 1988; Rweyemamu et al., 1991). 
It is important that healthy chicks be vaccinated as early as one to four days of age. 
However, delaying vaccination until the second or third week avoids partial 
blockage of the active immune response by maternal antibody. Although 
vaccination programs and importation quarantine requirements have provided 
significant protection against any outbreak, the virus remains a potential threat to 
commercial poultry producers as well as the backyard type operation owners. This 
was proven by the most recent outbreak of NDV reported in many countries, in 
which eradication measures resulted in the depopulation of birds (Kho et al., 
2000).  
Types of vaccines and vaccination schedules used vary depending on the potential 
threat, virulence of the field challenge virus, type of production and production 
schedules. Both live (lentogenic and mesogenic) and inactivated whole-virus 
vaccines have been developed, as well as recombinant vaccines (OIE, 1996).  
1.5.1 Inactivated vaccines 
These are produced by growing a ND virus in eggs, and then treating the infective 
allantoic fluid with an inactivating agent, such as formalin or betapropiolactone. 
An adjuvant, such as mineral oil, is usually then added to make the inactivated 
virus more immunogenic. Since the vaccine is no longer capable of replication or 
spread, it has to be injected individually into every bird needing vaccination. It is 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
32
normally injected into the back of the thigh muscle (sometimes the breast muscle is 
used), using 0.3 or 0.5 ml per bird. Inactivated vaccines produce very high levels 
of antibodies against NDV, and provide good protection against the virulent virus 
(Alexander et al., 2004). 
1.5.2 Live vaccines 
Most live virus vaccines are grown in the allantoic cavity of embryonated fowl 
eggs but some, notably some mesogenic strains, have been adapted to a variety of 
tissue culture systems. 
Live vaccines differ from inactivated vaccines in that they can replicate in the host. 
This is both an advantage and a disadvantage. It is an advantage in that it is not 
necessary to vaccinate every bird individually; the vaccinal virus can spread on its 
own from one bird to another. It is, however, a disadvantage in that, since an 
infection with a live virus is involved; this may result in clinical signs because of 
the innate virulence of the vaccine virus or by exacerbating other organisms that 
may be present, especially in the respiratory tract. The severity of this reaction 
depends therefore on the particular vaccinal strain used and the presence or 
otherwise of concurrent infection with other pathogens (Westbury et al., 1984). 
NDV strains used in conventional commercial live virus vaccines fall into two 
groups: lentogenic vaccines, such as Hitchner-B1, La Sota, V4, NDW, I2 and F, 
and mesogenic vaccines, such as Roakin, Mukteswar and Komarov. Strains from 
both these groups have been subjected to selection and cloning to fulfill different 
criteria in their production and application (Alexander et al., 2004). 
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1.5.2.1 Mesogenic vaccines 
Mesogenic strains have long been used for vaccination in the village situation. 
These produce severe vaccinal reactions in an immunologically naïve population, 
and the use of this kind of vaccine is not advisable in situations where chickens are 
without any immune protection against the virus. Normally mesogenic vaccines, 
such as Komarov (Saifuddin et al., 1990) and Mukteswar (Alexander, 1997) are 
used as secondary vaccines after a primary vaccination with a lentogenic vaccine 
(Alexander et al., 2004). 
1.5.2.2 Heat tolerant vaccines  
All conventional live vaccines have the disadvantage of needing to be kept at low 
temperatures to maintain their efficacy. Some asymptomatic enteric viruses have 
been noted for their greater heat resistance than conventional lentogenic viruses. 
This property has been enhanced by selection and cloning in the laboratory to 
produce heat tolerant vaccines. These have a distinct advantage in the village 
situation because it is possible to transport the vaccine without a cold chain 
(Alexander et al., 2004). 
1.5.3 Recombinant vaccines 
NDV has two surface glycoproteins, (F) and (HN). The genes coding for either of 
these can be inserted into a different kind of virus to make a recombinant vaccine. 
For example, the fusion gene inserted in herpes virus of turkeys produced a 
vaccine which gave good protection against virulent NDV (Morgan et al., 1993). 
One advantage of this technique is that the host virus may have better stability than 
NDV. Another advantage is that antigens for multiple different pathogens can be 
inserted into the same host virus to produce a single vaccine against several 
different diseases. Perhaps the most significant advantage for field use is that it is 
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possible to monitor the response to the vaccine independently of the wild virus but 
in its presence, and conversely, it is possible to detect antibodies against the wild 
virus in the presence of vaccination. This is done by using an ELISA that uses a 
purified antigen, and comparing the results with those of an ELISA using a whole 
virus antigen. For example, (Makkay et al., 1999) prepared an ELISA using only 
nucleocapsid protein of NDV as antigen. This detected antibodies against wild 
virus, but not antibodies against a recombinant fowl pox virus expressing HN 
glycoprotein. A parallel ELISA using whole virus as antigen detected antibodies 
against the vaccine. A disadvantage of recombinant vaccines is their high 
production costs (Alexander et al., 2004). 
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CHAPTER TWO 
MATERALS AND METHODS 
2.1 Virus Strains 
Lasota strain 
Lasota strain was a live vaccinal strain obtained as freeze-dried ampoules of 1000 
dose produced by Intervet Company, The Netherlands (Mahgoub, 2009). It was 
used in this study as a control strain for propagation in chicken embryonated eggs 
and subsequent steps. 
I2 strain 
This strain was a live lentogenic thermostable NDV vaccinal strain propagated at 
the Central Veterinary Research Laboratory (CVRL), Soba, Sudan and produced as 
freeze–dried ampoules containing I2 seed virus. The I2 strain was originally 
isolated in Australian Center for International Agriculture Research (ACIAR) 
(Mahgoub, 2009). It was used in the present study as a control strain for 
propagation in chicken embryonated eggs and subsequent steps. 
Clone 30 
This was a live NDV vaccinal strain produced by Intervet Company, the 
Netherlands as freeze-dried ampoules of 1000 dose. The vaccine virus was 
propagated in embryonated chicken eggs. 
Dongola 88/1 strain 
It is a local isolate of lentogenic NDV isolated in 1988 from apparently healthy 
chickens in Dongola town, Sudan (Khalafalla, 1994). 
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GD.S.1 strain 
This local field isolate of NDV strain isolated in June 1999 from an outbreak that 
occurred in El Soufi villages, 10 Km from Gedarif town, Sudan (Abdelaziz, 2001). 
Dik-90 
This local isolate of visceroptropic velogenic NDV was isolated from an outbreak 
that occurred in Dikheinat city, 15 Km south of Khartoum in September 1990 
(Khalafalla et al., 1992).  
 
2.2 Propagation and Harvest of NDV 
The strains of NDV were propagated in embryonated eggs to increase virus 
volume for subsequence tests. 
2.2.1 Source of eggs: 
The eggs used were obtained from the poultry farm of the Department of 
Microbiology, Faculty of Veterinary Medicine, University of Khartoum, Sudan. 
The flock was healthy. 
2.2.2 Incubation of eggs before inoculation 
Before the incubation, eggs fertility was confirmed by candling. Egg shell was 
disinfected by wiping with cotton dipped in 70% ethanol then placed in the 
incubator with the air sac on top at temperature of 38 °C to 39 °C. The humidity 
inside the incubator was maintained at 60 to 65%, using a tray filled with water 
placed in the bottom of the incubator. The eggs were turned three times a day 
during incubation. 
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2.2.3 Determining the viability of the embryo 
Candling was performed in a dark room. Eggs were held against the light of the 
candler to observe the contents of the egg. The following criteria were used to 
judge on the eggs and the embryos:  
Infertile eggs: Eggs that appeared clear. Those were discarded. 
Early deaths: The embryo which developed for several days and then died. Under 
the Candling, it appeared as a small dark area with disrupted blood vessels. Often 
deteriorating blood vessels appeared as a dark ring around the egg. Eggs with dead 
embryos were also discarded. 
Late Deaths: When embryos showed absence of movement and the breakdown of 
the blood vessels. These were also discarded. 
Viable Embryos: Embryos at day 9 which moved in response to light and had 
well defined blood vessels. Eggs containing viable embroys were prepared for 
inoculation by marking the air sac and the inoculation site and returning them to 
the incubator ready for use. 
2.2.4 Inoculation of embryonated eggs by the allantoic cavity route 
Embryonated eggs at 9- or 10-days old were candled before inoculation in a dark 
room to check the viability of the embryo and to mark around the air sac. The 
inoculation sites opposite to allantoic cavity about 2-4 mm over the air sac were 
marked. Eggs were placed in an egg rack with the inoculation site uppermost. 
Cotton wool dipped in 70% alcohol was used to swab the end of the eggs to be 
inoculated. Alcohol was allowed to evaporate then a hole was pierced in the end of 
the egg at the marked inoculation site by disinfected drill. The inoculum was 
drawn into 1 mL sterile disposable syringe. the needle and syringe were kept 
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vertical, the needle placed through the hole in the eggshell penetrating 
approximately 16mm into the egg to reach the allantoic cavity. A volume of 0.1 
mL of inoculum was injected into the egg. Then the needle was withdrawn from 
the egg and the hole in the shell was sealed with melted wax. 
2.2.5 Incubation of eggs after inoculation 
Inoculated eggs were incubated for 5 days. The conditions for incubation were 
optimized as in the incubation of uninoculated eggs, but without turning. Eggs 
were then candled daily to check for embryo death, embryo death during 24 hours 
of inoculation was considered non-specific. 
2.2.6 Harvesting and storage of allantoic fluid 
Allantoic fluid from inoculated eggs was harvested after 5 days of inoculation. 
Harvesting was performed on a designated disinfected room of the laboratory using 
sterile scissors and forceps, sterile 5 ml syringes to draw the sample and the rest of 
allantoic fluid.  
Infected eggs were usually chilled at 4 ºC for at least two hours to kill the embryo 
and to reduce the contamination of the allantoic fluid with blood during harvesting. 
The wax used for sealing was removed and each egg was swabbed with cotton 
wool soaked with 70% ethanol to disinfect and remove condensation from the 
shells. Forceps and scissors were dipped before use in absolute alcohol and flamed 
in Bunsen burner. The eggshell above the air space was removed. Embryos that 
were visibly contaminated were discarded. Using a sterile needle and syringe, a 
sample of allantoic fluid was removed from each egg and inclusion of any yolk 
material and albumin was avoided. Each sample was tested for the presence of 
NDV by the HA test. Embryos that did not test HA positive for NDV were 
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discarded. All fluids were collected into sterile containers and stored immediately 
at 4°C. 
2.3 Tests for confirmation of NDV in harvested samples 
2.3.1 Preparation for the test 
2.3.1.1 Collection and washing of chicken red blood cells 
Blood was collected from healthy 3-6 weeks old chicken from the wing vein by 
using disposable syrings. It was mixed gently with the anticoagulant ethylene 
diamine tetra acetic acid (EDTA) then cells were washed with phosphate buffer 
saline (PBS) using centrifuge at 1000 rpm for 10 minute. The process was repeated 
three times. The packed cells were then diluted to 1% and stored at 4ºC ready for 
use in HA test. 
2.3.1.2 Preparation of control samples of allantoic fluids 
Negative and positive control samples were tested in the rapid haemagglutination 
tests to ensure the validity of the test. Negative control allantoic fluid was 
harvested from 14-day old embryonated eggs that have not been inoculated with 
NDV. It should always test negative for the presence of haemagglutinins and there 
should not be any signs of haemagglutination. Positive control allantoic fluid 
known to contain a high infectivity titre of of NDV was obtained from virology 
laboratory Department of Microbiology, Faculty of Veterinary Medicine 
University of Khartoum. This should always test positive for the presence of 
haemagglutinins and haemagglutination should be visible 
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2.3.1.3 Hyperimmune serum  
Undiluted hyperimmune serum (HIS) was supplied by Virology Research 
Laboratory, Faculty of Veterinary Medicine, University of Khartoum. It was 
produced in chickens against K-strain of NDV. 
2.3.2 Rapid haemagglutination test  
This method is based on the reaction between the HA activity of the virus and 
RBCs. If viral replication has occurred in the embryonated egg, the allantoic fluid 
will contain virus particles with HA activity. The latter can be visualized by adding 
a drop of allantoic fluid to a drop of RBC suspension; the resulting reaction is 
macroscopically visible. This test can determine the presence of a 
haemagglutinating agent in one minute. Negative and positive control samples 
should be used to ensure proper functionality of the test. The following laboratory 
reagents were needed to perform the test:  
• Clean white ceramic tile. 
• 1% suspension of washed chicken red blood cells.  
• Sterile 1 ml disposable syringes 
• PBS. 
• Negative and positive control allantoic fluid samples. 
• Sample of allantoic fluid to be tested for the presence of NDV. 
Three separate drops of 1% RBCs suspension were placed onto a white tile. One 
drop of each of the control and test samples were added to separate drops of blood 
using separate sterile disposable syringes for each sample. These were mixed by 
rotating the tile for about 30 – 60s. RBC aggregates were noted in the test or 
control samples and results of test samples were judged by comparison with the 
positive and negative controls. Negative allantoic fluid controls were used to detect 
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clumping of the red blood cells in the absence of virus. This was unlikely to occur 
and if it occurred, the test was regarded invalid. 
2.3.3 haemagglutination inhibition test  
The HI test is a convenient and commonly used assay that requires cheap reagents. 
The test was preformed to confirm that the hemagglutination ability of the allantoic 
fluid was due to NDV. With sterile pipette a drop of allantoic fluid under test was 
transferred to white tile and equal amount of known NDV hyperimmune serum 
was added, the tile was rotated gently and left for 5 minutes for the antibodies to 
bind to the haemagglutinin protein in the envelope of the virus. This blocks the 
haemagglutinin protein from binding with the receptor site on chicken red blood 
cells. After that, a drop of 1% suspension of washed red blood cells was added to 
white tile rotated gently and examined after one minute.  
2.4 Primer design 
Two degenerate primers were designed based on comparison of the genome 
sequence of several known NDV strains obtained from the GenBank® 
(http://www.ncbi.nlm.nih.gov/Genbank/index.html). The region of the fusion gene 
cleavage site was determined and conserved regions flanking that part were 
determined by using multiple alignment. Primers were designed manually and sent 
for synthesis to Vivantis Technologies Sdn Bhd company (www.vivantis.com). 
Primers were designed to amplify a 805 base pair fragment of the fusion protein 
gene, which includes the F0 cleavage site, The location and the sequence of each 
primer were shown in Figure (1) and Table (1). 
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Table 1. Primers designed and used in this study 
label Sequence length Position Tm Product  
ND-FOR GGG TAG AAG AKT CTG GAT CC 20 1211-1230 49° C  805 bp 
ND-REV ACC TAA CTT AGT YAA YAA GTA ATC 24 2016-1993 50° C  
 
>GU143550_strain_Go_CH_HLJ_LL01_08_complete_genome. 
ATGGACTCATCCAGGACAATTGGGCTGTACTTTGATTCTGCCCTCCCTTCCAGCAGCCTGTTAGCATTT
CCGATTGTCTTACAAGACACGGGAGACGGGAAGAAGCAAATCACCCCACAATACAGGATCCAGCGTC
TTGATTCGTGGACAGACAGTAAGGAAGACTCGGTATTCATCACCACCTACGGGTTCATCTTTCAAATTG
GGAATGAAGAAGCCACCGTCGGTGTGATCAATGACAATCCTAGGCACGAGCTACTCTCTTCCGCAATG
CTCTGCTTAGGGAGTGTCCCGAACGACGGAGATCTTGTTGAGCTGGCGAGAGCCTGCCTCACCATGGT
GGTAACTTGCAAAAAGAGTGCAACTAACACTGAGAGAATAGTCTTTTCAGTAGTGCAGGCTCCTCGGG
TGCTGCAAAGCTGTATGGTTGTGGCAAATAGGTACTCAGCGGTGAATGCAGTGAAGCATGTGAAGGCG
CCAGAAAAGATCCCTGGGAGCGGAACCCTAGAGTATAAAGTGAATTTTGTCTCTTTGACCGTGGTGCC
AAGAAGGGATGTCTACAGGATCCCAACTGCAGTATTGAAAGTGTCTGGCTCAAGCCTGTACAATCTTG
CGCTCAATGTCACTATTGATGTGGACGTGGATCCGAAGAGCCCGTTAGTCAAATCCCTTTCCAAGTCCG
ATAGCGGATACTATGCGAATCTTTTTCTGCATATCGGGCTTATGTCCACTGTAGATAAGAAGGGAAAG
AAAGTGACATTTGACAAGATAGAGGAAAAGATAAGGAGACTCAATCTATCCGTCGGGCTCAGTGATG
TGCTCGGACCTTCTGTGCTTGTGAAGGCGGGAGGTGCACGGACTAAGCTACTTGCTCCCTTTTCCTCTA
GCAGTGGGACAGCCTGCTATCCTATAGCAAATGCCTCTCCCCAGGTTGCCAAGATACTCTGGAGCCAA
ACTGCGCACTTGCGGAGTGTGAAAGTCATCATTCAGGCTGGCACTCAGCGTGCTGTCGCGGTGACCGC
GGATCATGAGGTAACCTCCACTAAAATAGAGAGGAGGCATGCCATTGCTAAATACAATCCTTTCAGGA
AATAAGTTGCATCCCTAAGAATGCAGTTCACTTGCTTTCCCGAATCACCATTACACCAGACAATGATCC
ATCTCAACTGCTTATAGTTAGTTCACCTGTCTAGCAAATTAGAAAAAACACGGGTAGAAGAGTCTGGA
TCCCGACCGGTACACTCAGGACGCAACATGGGCTCCAAACCTTCTACCAGGATCCCAGCACCTCTGAT
GCTGATCACCCGGATTATGCTGATATTGGGCTGTATTCGTTCGACAAGCTCCCTTGATGGCAGGCCTCT
TGCAGCTGCAGGAATTGTAGTAACAGGAGATAAGGCAGTCAATGTATACACCTCGTCTCAGACAGGGT
CAATCATAGTCAAGTTGCTCCCGAATATGCCCAGAGGTAAGGAGGCGTGTGCGAAAGCCCCATTAGAG
GCATATAACAGAACACTGACTACTTTGCTCACTCCTCTCGGCGACTCCATCCGCAAGATTCAAGGGTCT
GTGTCCACATCTGGAGGAAGGAGACAAAAACGCTTTATAGGTGCTGTTATTGGCAGTGTAGCTCTTGG
GGTTGCAACAGCGGCACAGATAACAGCAGCTGCGGCCCTAATACAAGCCAACAAGAATGCTGCCAAC
ATCCTTCGGCTTAAGGAGAGCATTGCTGCAACCAATGAAGCTGTGCATGAAGTCACCGACGGATTATC
ACAACTATCAGTGGCAGTTGGGAAGATGCAGCAGTTTGTCAATGACCAGTTTAATAATACGGCGCGAG
AATTGGACTGTATAAAAATCACACAACAGGTTGGTGTAGAACTCAACCTATACCTAACTGAATTGACT
ACAGTATTCGGGCCACAGATCACCTCTCCTGCATTAACTCAGCTGACCATCCAGGCACTTTATAATTTA
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GCTGGTGGCAATATGGATTACTTATTAACTAAGTTAGGTATAGGGAACAATCAACTCAGCTCATTAAT
TGGTAGCGGCCTGATCACTGGTTACCCTATACTGTATGACTCACAGACTCAACTCTTGGGCATACAAGT
GAATTTGCCCTCAGTCGGGAACTTAAATAATATGCGTGCCACCTATTTGGAGACCTTATCTGTAAGTAC
TACCAAAGGATATGCCTCAGCACTTGTCCCGAAAGTAGTGACACAAGTCGGTTCTGTGATAGAAGAGC
TTGACACCTCATACTGTATAGAGTCCGATCTGGATTTATATTGTACTAGAATAGTGACATTCCCCATGT
CCCCAGGTATTTATTCCTGTTTGAGCGGCAACACATCAGCTTGCATGTATTCAAAGACTGAAGGCGCA
CTCACTACGCCGTATATGGCCCTTAAAGGCTCAGTTATTGCCAATTGTAAGATAACAACATGTAGATGT
ACAGACCCTCCTGGCATCATATCGCAAAATTATGGAGAAGCTGTATCCCTGATAGATAGACATTCGTG
CAATGTCTTATCATTAGACGGGATAACTCTGAGGCTCAGCGGAGAATTTGATGCAACTTATCAAAAGA
ACATCTCCATACTAGATTCTCAAGTCATCGTGACAGGCAATCTTGATATATCAACTGAACTTGGAAAC
GTCAACAATTCAATCAGCAATGCCTTGAATAGGTTGGCAGAAAGCAACAGTAAGCTAGAAAAAGTCA
ATGTCAGATTAACCAGCACATCTGCTCTCATTACCTATATTGTTCTAACTGTCATTTCTCTAGTTTTCGG
TGCACTTAGTCTGGGTTTAGCGTGTTACCTGATGTACAAACAGAAGGCACAACAAAAGACCTTGCTAT
GGCTTGGGAATAATGCCCTTGATCAGATGAGAGCCACTGCAAGAGCATGA 
Figure (1). The location within the NDV genome of forward (ND-FOR) and 
reverse (ND-REV) primers designed and used in this study 
2.5 RNA extraction 
NDV virus RNA was extracted from harvested allantoic flouid using TRIzol® 
reagent (Gibco, Invitrogen, Germany) according to the manufacturer’s instructions. 
At first, NDV was sedemented by ultracentrifugation at 20,000 rpm for 2 hrs using 
an ultracentrifuge (Beckman ultracentrifuge L 7, Beckman company, USA). One 
ml of TRIzol® reagent was added to the pellet. The mixture was incubated at room 
temperature for 5 min. Then 200 µl of chloroform were added and shaked 
vigorously for 1 min. Then the mixture was incubated at room temperature for 2 
min and 30 sec. Cellular debris was pelleted by centrifugation at 4000 rpm for 15 
min at 4 °C and the supernatant was transferred to 1.5 ml microfuge tube. An equal 
volume of isopropanol was added to the supernatant to precipitate the RNA. The 
mixture was incubated at room temperature for 15 min. RNA was sedimented by 
centrifugation at 4 °C and 13000 rpm for 15 min. The RNA-pellet was washed in 
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1ml of 70% ethanol by centrifugation at 13000 rpm for 15 min at 4 °C and 
discarded the supernatant. RNA pellet was dissolved in 15-20 µl RNase-free water 
(Invitrogen™, UK) and was immediately used in RT-PCR. 
2.6 Two Step RT-PCR 
2.6.1 Reverse Transcription Reaction step 
The reverse transcription reaction was carried out using a Promega reverse 
transcription kit (Reverse Transcription System, Promega, USA) and the reaction 
was performed by adding the components lited in Table 2. Briefly, 7µ l RNA was 
placed in a tube, and incubated at 70°C for 10 min. This was centrifuged briefly in 
a microcentrifuge, then placed on ice. A 20µ l reaction was prepared by adding the 
reagents in the order listed in Table (2).  
Table 2. Reverse transcription reaction 
Component Amount (µ l) 
MgCl2, 50 mM 2 
Reverse Transcription 10X Buffer  2 
dNTP Mixture, 10 mM  2 
Recombinant RNasin® Ribonuclease Inhibitor  0.5 
AMV Reverse Transcriptase  1 
Random Primers  1 
RNA  7 
Nuclease-Free Water to a final volume of 20 
 
The reaction mixture was incubated at room temperature for 10 min, then 
incubated at 42 °C for 55 min. The additional incubation at room temperature 
allowed extension of the primers so that they remained hybridized when the 
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temperature was raised to 42 °C. After incubation, the sample was heated at 95°C 
for 5 min, then incubated at 0–5 °C fo 5 min. The heating step was used to 
inactivate the AMV Reverse Transcriptase and prevent it from binding to the 
cDNA. This first-strand cDNA product was used for PCR amplification and it was 
stored at –20°C until used 
2.6.2 PCR step 
PCR reaction were performed in a final volume of 50 µl that contained 28 µl of 
DW, 5 µl of reaction buffer, 1.5 µl of 50 mM of MgCl2 solution, 1 µl of dNTPs 
mix containing 10 µM each dNTP, 2 µl of 10 µM each primer, 0.5 µl of Tag DNA 
polymerase (promega, USA) and 10µl of DNA template. PCR was performed 
using a thermal cycler (G-STORM, Gene Technologies- LTD, England) and a PCR 
program listed in Table 3. 
Table 3. Thermal cycler program for PCR  
Step Duration Temperature 
Initial denaturation 3 min. 95 °C 
Cycling (x33) 
Denaturation 30 s 95 °C 
Annealing 30 s 54 °C 
Extension 1 min. 72 °C 
Final extension 7 min 72 °C 
 
 
Analysis of PCR product: 
The PCR products were separated electrophoretically in 2% agrose gel (Sigma, 
UK) in Tris/Boric acid/EDTA running buffer (TBE buffer). Agarose gel was 
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prepared by dissolving 1 g of agarose in 50 ml of TBE buffer. Ethidium bromide 
(1µl /40 ml agrose) was added and the gel was casted into the tray, combs were 
placed and the gel inside the tray was allowed to solidify for 30 min. Volumes of 5 
µl of the PCR products were mixed with 1 µl of 6X loading dye and transferred 
into the wells. Two microliters of 1 Kb DNA ladder (GeneRuler™ 1kb DNA 
Ladder Plus #SM1331, Fermentas, Germany) was loaded into the first well of the 
gel. The gel was allowed to electrophoerese for 45 min (120V and 30 mA), then 
DNA was visualized under UV light and the picture was documented using a gel 
documentation system (Bio-Rad, England). 
2.7 Purification of PCR product 
PCR product was purified using QIAquick PCR Purification Kit (Qiagen, 
Netherlands) to prepare for sequencing. Fragments are purified from primers, 
nucleotides, polymerases, and salts using QIAquick spin columns in a 
microcentrifuge as follows: Briefly, 5 volumes of the Buffer PB were added to 1 
volume of the PCR samples and mixed. Then QIAquick spin columns placed in a 
provided 2 ml collection tubes. To bind DNA, samples was applied to the 
QIAquick columns and centrifuged for 30–60 s. Then the flow-through was 
discarded and the QIAquick columns were placed back into the same tubes. After 
that columns were washed by adding 0.75 ml Buffer PE to the QIAquick columns 
and centrifuged for 30–60 s. The flow-through was discarded and the QIAquick 
column was placed back in the same tubes. For assurance of the complete removal 
of residual ethanol from Buffer PE, the column was centrifuged for an additional 1 
min at maximum speed. Next, the QIAquick column was placed in a clean 1.5 ml 
microcentrifuge tubes. To elute DNA, 50 µ l Buffer EB (10 mM Tris·Cl, pH 8.5) 
was added to the center of the QIAquick membrane and the columns centrifuged 
for 1 min. DNA was stored at –20 °C until used for sequencing reaction. 
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2.8 Sequencing  
Purified PCR products were sequenced by MWG Company (Eurofins MWG 
Operon, Ebersberg, Germany).  
2.9 Phylogenetic analysis 
Multiple alignment was first done to six test strains using Clustalx2 (Thompson et 
al., 1997). Subsequent phylogenetic analysis was performed using MEGA 4 
program (Tamura et al., 2007), freely available at http://www.megasoftware.net/. 
phylogenetic tree was constructed by Neighbor Joining algorithm with 1000 
bootstrapped replications . 3 strains of NDV 1 velogenic (DIK-90) 2 lentogenic 
(Dongola and GD.S.1), in addition to 3 vaccinal strains (Lasota, Clone 30 and I2) 
were selected for the study compared with reference sequences obtained from the 
Genbank. The strain name, host, region and year of isolation, genotype assignment 
and accession numbers, for the reference sequences used in the analysis are shown 
in Table (4).  
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Table (4). Referential Newcastle disease virus (NDV) strains used in this study for 
phylogenetic analysis of the fusion protein gene 
Strain Host Year Country Genotype Accession 
number 
Ulster 2C/67 Fowl 1967 Northern 
Ireland 
I D00243 
V4 
Queensland/66 
Fowl 1966 Australia I M24693 
V6Queensland Fowl 2005 Australia I AF217084 
D26/76 Fowl 1999 _ I M24692 
XZ-29-07-Ch Fowl 2007 China II GQ245770 
Go/CH/HLJ/2/06 goose 2006 China II FJ480823 
Go/CH/FJ/1/06 goose 2006 China II FJ480821 
ZJ/2000 N.A 2000 _ II AF534997 
NDV-JL-1/97 N.A. 1997 _ II AF400614 
BEA/45 Fowl 1989 Japan II M24697 
SD/3/04/Go goose 2004 China II DQ682443 
88T.00 flamingo 2000 Argentina II AY727883 
Texas G.B. Fowl 2005 USA II M23407 
Beaudette C/45 Fowl 1945 USA II X04719 
La Sota/46 Fowl 1946 USA II M24696 
Texas G.B 48 Fowl 1948 USA II M24698 
B1 Fowl 2000 USA II AF309418 
V4 Fowl 2003 China II AY225110 
Clone 30 Fowl  2005 _ II Y18898 
LaSota Fowl  1999 Netherlands II AF077761 
Miyadera/51 Fowl 1951 Japan III M18456 
Herts/33 Fowl 1933 UK IV M24702 
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Italien/45 Fowl 1945 Italy IV M17710 
GB1168/84 Pigeon 1984 England VIb AF109885 
JS-2/98(Go) Goose 1998 China VIb AF456439 
Ch/98-1 Pigeon 1998 China VIb AF358785 
H-310/82 Fowl 1998 Hungary VIc AF001112 
Warwick/66 Fowl 1966 Great 
Britain 
VIe Z12111 
JX-1/94 Fowl 1994 China VIf AF458021 
ZhJ-2/86 Fowl 1986 China VIg AF458016 
Sh-1/97 Fowl 1997 China VIg AF458018 
CH-A7/96 Fowl 1996 China VIIc AY028995 
JS-3/00 Fowl 2000 China VIIc AF458010 
ZJ-1/00(Go) Goose 2000 China VIId AF456438 
XJ-2/97 Fowl 1997 China VIId AF458011 
Taiwan 95 Fowl 1995 Taiwan VIIe U62620 
AF 2240 Fowl 1998 Malaysia VIII AF048763 
F48E9 Fowl 1948 China IX AF163440 
FJ-1/85 Fowl 1985 China IX AF458009 
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CHAPTER THREE 
RESULTS 
3.1Virus propagation  
The six NDV strains I2, LASOTA, CLONE 30, DIK-90, GD.S.1, and DONGOLA 
were propagated in the allantoic fluid of 9 days old chick embryos. The DIK-90 
strain grew readily in embryonated eggs and the inoculated embryo died in 1 to 3 
days with haemorrhages in the various organs. While the other strains did not show 
signs of death in embryonated chicken. 
3.2 Virus identification 
All the samples gave positive results with heamagglutination test and were also 
positive in HI. That confirmed their identity as NDV.  
3.3 RNA extraction and Reverse Transcription Reaction (RT-PCR) 
The PCR, which amplifies a partial region from NDV F protein gene that include 
cleavage site, gave an expected amplicon size of 805 bp (Figure 2). 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
51
 
 
Figure (2) RT-PCR amplification of the Newcastle disease virus fusion protein 
gene using ND-FOR (forward) and ND-REV (reverse), which gave a product size 
of 805 bp. The amplicons were electrophoeresed in 2% agarose gel. Lanes: M, 
molecular size marker; Lanes 1-7 are NDV strains I2, TY-1/90, C30, Dik-90, 
GD.S.1, Lasota and Dongola, respectively; Lane 8, space; lane 9, –ve control 
(distilled water); lane10, +ve control. 
3.4 Sequencing 
Clipped sequences were received as text files and sequence profiles were received 
as PDF files. Sequencing of the fusion protein gene of I2, LASOTA, CLONE 30, 
DIK-90, GD.S.1, and DONGOLA strains using the ND_FOR (forward) and 
ND_REV (reverse) primers resulted in readable sequences that varied in length 
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between 744-758 nucleotides. For the purpose of accurate alignment data, all the 
sequences were reduced to an equal length of 714 nucleotides.  
Amino acid sequences of the F protein demonstrated that cleavage site motifs for 
the F protein of the Dongola, GD.S.1, DIK-90 and Clone 30 is 112G-R-QG-R-
L117, while I2 and Lasota possessed the motif 112R-K-QG-R-L117. 
Figure (3) DNA sequences of Fusion gene Cleavage site   
Dongola 
GGAGGGGGGAGACAGGGGCGCCTTATAGGC 
Lasota 
GGAGGAAGAAAACAGGGACGCCTTATAGGA 
DIK-90 
GGAGGGGGGAGACAGGGGCGCCTTATAGGC 
GD.S.1 
GGAGGGGGGAGACAGGGGCGCCTTATAGGC 
I2 
GGAGGAAGAAAACAGGGACGCCTTATAGGA 
Clone30 
GGAGGGGGGAGACAGGGGCGCCTTATAGGC 
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Figure (4) Amino Acid sequences of Fusion protien cleavage site 
Dongola. 
VTTSGGGRQGRLIGAIIG 
Lasota. 
VTTSGGRKQGRLIGAIIG 
DIK-ϵϬ͘ 
VTTSGGGRQGRLIGAIIG 
'͘^͘ϭ͘ 
VTTSGGGRQGRLIGAIIG 
/Ϯ. 
VTTSGGRKQGRLIGAIIG 
ůŽŶĞϯϬ. 
VTTSGGGRQGRLIGAIIG 
 
3.5 Phylogenetic analysis 
Six NDV sequences were used to construct phylogenetic tree, three field strains; 
two velogenic (DIK-90 and GD.S.1) one lentogenic (Dongola), in addition to three 
vaccinal strains (Lasota, Clone 30 and I2).  
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Figure (5). Rooted phylogenetic tree of the nucleotide sequences of the cleavage 
site of the fusion protein gene of Newcastle disease virus strains. Strains sequenced 
and analyzed during this study are marked as bold/italic 
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Phylogenetic tree depicted sequences into two main groups and was given arbitrary 
names A & B. Group A contains two subgroups A1 and A2, and group B contains 
two subgroups B1 and B2.  
All six tested samples were clustered into group A, which contains reference 
genotypes I & II NDV. Group B contains reference genotypes III to IX of NDV. 
Within group A, Clone 30, Dik-90, Dongola and GD.S.1 clustered into subgroup 
A1 which represent genotype II that consists mainly of viruses that were isolated 
from 1945 to 2000 worldwide, varying from virulent to mild isolates (Aldous et 
al., 2003). Generally, genotype II has two subclusters a velogenic and a letogenic 
(Qin et al., 2008).  
The two reference strains (Beaudette C/45 and Texas48), which have a polybasic-
F0 cleavage site motif typical for velogenic NDV strain fall into different 
subcluster within A1 while the test strains (Dongola and GD.S.1), which have a 
motif typical for lentogenic NDV strains fall into other subcluster within A1, 
likewise test strains (DIK-90 and Clone 30) fall into some other subcluster within 
A1. 
On the other hand, Lasota and I2 clustered into subgroup A2 that was subdivided 
into A2a containing genotype II lentogenic isolate from Northern Ireland and A2b 
representing genotype I NDV likewise genotype II strains (Lasota and I2). 
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CHAPTER FOUR 
DISCUSSION 
Newcastle disease is a recurring concern to poultry industry worldwide. The 
disease can result in significant economic impact from morbidity and mortality 
accompanied by the inability to export products from flocks not known to be 
infected (Alexander, 1988a). 
The NDV particles contain a precursor glycoprotein, F0, which has to be cleaved 
to F2 and F1 polypeptides by proteases in host cells, allowing the virus particles to 
become infectious. Accumulated lines of evidence indicate that the pathogenicity 
of NDV is primarily determined by the structure of the F protein cleavage site. (Yi 
et al., 2007). It is widely accepted that sequence analysis of the F protein cleavage 
site can be used to predict potential pathogenicity of NDV instead of conventional 
methods such as MDT and ICPI (Toyoda et al., 1987).  
In this study, analysis of the proteolytic cleavage site motifs for the F protein of the 
NDV strains demonstrated that I2 and Lasota possessed the motif of a typical low 
virulent NDV 112R-K-QG-R-L117, which contains monobasic residue at the 
cleavage site, represented by lentogenic strains (Zhang, et al., 2009). 
Three test strains Dongola, GD.S.1, DIK-90 and the reference vaccinal strain 
Clone 30 have a motive of avirulent NDV, 112G-R-QG-R-L117 as demonstrated 
by (Zhang, et al., 2009). The result regarding Dongola strain, which gave cleavage 
site motif sequence of avirulent NDV, comes in accordance to the findings of 
Khalafalla, (1994) that described as a lentogenic pathotype of NDV, causing a mild 
or unapparent infection of the respiratory tract. It was isolated in 1988 from 
apparently healthy chickens in Dongola town of Northern Sudan (Khalafalla, 
1994). 
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In this study, the virulent DIK-90 and GD.S.1 strains presented a typical cleavage 
site protein sequence of avirulent NDV 112G-R-QG-R-L117 unexpectedly, as both 
isolates has been previously regarded as velogenic. The GD.S.1 strain has been 
isolated and confirmed to be velogenic from Gedarif in June 1999 (Awad, 2000). 
On the other hand, DIK-90 was described as viscerotropic velogenic according to 
the classical pathotyping, due to the fact that it killed chicken embryos quickly and 
produced haemorrhagic lesions in the intestinal tract in infected chickens 
(Khalafalla et al., 1992). Whether this contradiction has any significance in the 
functional analysis of the F protein cleavage site and its usage in determination of 
pathogenicity is not clear. 
The MDT and ICPI values used by Khalafalla et al. (1992) in the pathotyping were 
similar to those described by Hanson et al. (1973) for the viscerotropic pathotypes 
of NDV, and their accuracy is subject to presence or absence of other influencing 
factors.  
On the other hand, some previous reports also supported the experimental 
evidences considering that multiple determinants apart from the amino acids 
sequence at F0 cleavage site could be responsible for the virulence displayed by 
NDV strains (Zhang et al., 2009). For example, using reverse genetic techniques, it 
has been demonstrated that the HN protein may influence the virulence (Romer-
Oberdorfer et al., 2006). Another example would be the study of Zou et al. (2005) 
who analyzed five isolates containing the 112G-R-QG-R-L117 motif (similar to 
the motif shown in this study for LaSota strain). Four of these fives isolates are 
characterized molecularly as avirulent or low-virulence strains. However, ICPI and 
IVPI tests showed that the isolates were velogenic. These results suggests that 
motif protein analysis should not be used alone as a differential method for 
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virulence and the cleavage site motif of the F0 protein alone may not be the only 
factor that determines the virulence of NDV isolates. 
In this study, phylogenetic analysis of NDV, revealed that all tested strains 
clustered into genotype II. This result comes in line with Mahgoub (2009) who 
reported these strains as genotype II. Grouping of Lasota, I2, Dongola, Clone30, 
GD.S.1. in genotype II comes in agreement with Mahgoub (2009). However, 
previous reports postulated that strain DIK-90 belonged to genotype VI subtype 
(VIb), which was found in our study as genotype II.  
The phylogenetic analysis performed during this study attempted to support the 
findings of the protein sequences that distinguished NDV into virulent and 
avirulent. Thus, the results of the phylogeny came in accordance with the result of 
the translated protein from the same sequences, as there is multiple determinants 
apart from the amino acid sequence at F0 cleavage site, could be responsible for 
the virulence displayed by these NDV strains. Nevertheless, attention must be paid 
when a non-virulent NDV strain is isolated from the field that has just one or two 
amino acid differences in the F0 cleavage site compared with a virulent strain. 
Such NDV strains can evolve to a virulent strain, which can cause devastating 
disease in poultry. 
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CONCLUSION 
 
 It has been concluded that cleavage site motifs of the fusion protein is not the only 
factor that determine virulence of NDV and multiple virulent determinant apart 
from fusion protein cleavage site motive could be responsible of the virulence 
displayed by NDV. Phylogenetic analysis of NDV revealed that all strains tested 
clustered into genotype II.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
60
 
 
RECOMMENDATION 
 
Tests based on the nucleotide sequences of the gene covering the area of fusion 
cleavage site should be developed and more tests should be done on the field of 
differentiation between virulent and avirulent Newcastle Disease Virus as it 
considered an important tool to assist our country in taking decisions to improve 
the disease control efforts. 
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APPENDIX ONE 
Preparation of materials 
Agarose 1.5% 
0.75 gm of agarose (Sigma, UK) was dissolved in 50 ml of TBE buffer heated in 
microwave for 45 seconds, left to cool and poured onto electrophoresis chamber. 
Running Buffer (TE buffer) 
10 mM Tris-HCl (pH 7.6), 1 mM EDTA. 
Ethidium bromide 
Stock solution (PROMEGA, Madison) kept protected from light. 
6X Loading Dye Solution 
10 mM Tris-HCl (pH 7.6), 0.03% bromophenol blue, 0.03% xylene cyanol FF, 
60% glycerol and 60mM EDTA. 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 
 
88
GeneRuler™ 1kb DNA Ladder 
The Ladder is composed of fifteen chromatography-
purified individual DNA fragments (in base pairs): 
20000, 10000, 7000, 5000, 4000, 3000, 2000, 1500, 
1000, 700, 500, 400, 300, 200, and 75. It contains 
three reference bands (5000, 1500 and 500 bp) for easy 
orientation. The Ladder is dissolved in TBE buffer. 
 
 
Phosphate buffered saline solution (PBS) 2 liters 
Solution (A) 
NaCl 160 gm 
KCl 4 gm 
Na2HPO4 4 gm 
DDW To 1600 ml 
 
Solution (B) 
MgCl26H2O(hydrous) 0.426 gm 
DDW To 200 ml 
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Solution (C) 
CaCl2 (hydrous) 0.426 gm 
DDW To 200 ml 
 
Solution (A) (B) and (C) were autoclaved and left to cool. To prepare working 
solution of PBS, solution (A) and (B) were mixed. Solution (C) was then added 
and the final volume was brought to 2 liters with sterile DDW. 
Working solution of Antibiotics for chick embryo inoculation 
Amphotricin B stock solution_0.25mg/ml. 0.5 ml 
Streptomycin stock solution_0.25mg/ml. 0.5 ml 
PBS 0.8 ml 
Total 1.8 ml 
 
0.1µl was used per egg 
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APPENDEX TWO 
Annotated DNA sequences of Newcastle disease virus produced during 
this study the cleavage site is highlighted: 
>Dongola. 
GGCTGGCGCCTTTTAGGTGCAAGATGGGCTCTAGACCTTCTACCAAGAACCCAGCACCTATGATGCTGAC 
TGTCCGGGTCGCGCTGGTACTGAGTTCCATCTGTCCGGCAAACTCCATTGATGGCAGGCCTCTTGCGGCC 
GCAGGAATTGTGGTAACAGGAGACAAAGCAGTCAACATATACACTTCATCCCAGACAGGATCGATCATAG 
TGAAGCTCCTCCCAAATCTGCCCAAGGATAAGGAGGCATGCGCAAAAGCCCCCTTGGATGCATACAACAG 
GACATTGACCACTTTGCTCACTCCCCTTGGTGACTCTATCCGTAGGATACAAGAGTCTGTGACTACATCT 
GGAGGGGGGAGACAGGGGCGCCTTATAGGCGCCATTATTGGCGGTGTGGCTCTTGGGGTTGCAACTGCTG 
CACAAATAACAGCAGCCGCGGCTCTGATACAAGCCAAACAAAATGCTGCCAACATCCTCCGACTTAAAGA 
GAGCATTGCCGCAACCAATGAGGCCGTGCATGAGGTCACTGACGGATTATCGCAACTAGCAGTGGCGGTT 
GGGAAGATGCAGCAGTTTGTTAACGACCAATTTAATAAAACAACTCAAGAATTAGACTGCATCAAAATTG 
CACAGCAAGTTGGTGTAGAGCTCAACTTGTACCTAACCGAATTGACTACAGTATTTGGACCACAAATCAC 
TTCACCTGCCTTAAACAAGCTGACTATTCAGGCACTTACAATCT 
>Lasota. 
GATCTGGATCCCGGTTGGTGCCTTCAAGGTGCAAGATGGGTTCCAAGTCTTCTACCAGGTTCCCAGTACC 
TCTAATGCTGACCGTCCGAGTCATGCTGGCACTGAGTTGCGTCTGTCCGGCCAGCGCCCTTGATGGCAGG 
CCTCTTGCGGCTGCAGGGATTGTGGTAACAGGAGACAAAGCGGTCAACATATACACATCATCTCAGACAG 
GGTCAATCATAATCAAGTTACTCCCGAATATGCCCAAGGATAAAGAGGCGTGTGCAAAAGCACCGTTGGA 
GGCATACAACAGGACATTGACTACTTTGCTCACCCCTCTTGGTGATTCTATCCGTAGGATACAAGAGTCT 
GTGACCACGTCCGGAGGAAGAAAACAGGGACGCCTTATAGGAGCCATTATCGGTGGTGTAGCTCTCGGGG 
TCGCGACCGCTGCACAAATAACAGCAGCCTCGGCTTTGATACAAGCCAATCAAAATGCTGCCAACATCCT 
CCGGCTCAAAGAGAGCATTGCTGCAACCAATGAGGCTGTACACGAGGTCACTGACGGATTATCACAACTA 
GCAGTGGCAGTTGGGAAGATGCAGCAATTTGTTAATGACCAGTTTAATAAGACAGCCCAGGAATTGGACT 
GTATAAAAATTGCACAGCAAGTTGGTGTAGAACTCAACCTGTACTTAACTGAATTGACTACAGTATTTGG 
GCCGCAAATCACTTCCCCTGCCTTAACTCAGCTGACTATCCAGGCGCTTACAA 
>DIK-90. 
GAAAGATCTGGATCCCGGTTGGCGCCCTCCAGGTGCAAGATGGGCTCCAGACCTTCTACCAAGAACCCAG 
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CACCTATGATGCTGACTATCCGGGTTGCGCTGGTACTGAGTTGCATCTGTCCGGCAAACTCCATTGATGG 
CAGGCCTCTTGCAGCTGCAGGAATTGTGGTTACAGGAGACAAAGCCGTCAACATATACACCTCATCCCAG 
ACAGGATCAATCATAGTTAAGCTCCTCCCGAATCTGCCCAAGGATAAGGAGGCATGTGCGAAAGCCCCCT 
TGGATGCATACAACAGGACATTGACCACTTTGCTCACCCCCCTTGGTGACTCTATCCGTAGGATACAAGA 
GTCTGTGACTACATCTGGAGGGGGGAGACAGGGGCGCCTTATAGGCGCCATTATTGGCGGTGTGGCTCTT 
GGGGTTGCAACTGCCGCACAAATAACAGCGGCCGCAGCTCTGATACAAGCCAAACAAAATGCTGCCAACA 
TCCTCCGACTTAAAGAGAGCATTGCCGCAACCAATGAGGCTGTGCATGAGGTCACTGACGGATTATCGCA 
ACTAGCAGTGGCAGTTGGGAAGATGCAGCAGTTTGTTAATGACCAATTTAATAAAACAGCTCAGGAATTA 
GACTGCATCAAAATTGCACAGCAAGTTGGTGTAGAGCTCAACCTGTACCTAACCGAATTGACTACAGTAT 
TCGGACCACAAATCACTTCACCTGCTTTAAACAAGCTGACTATTCAGGCACTTAC 
>GD.S.1. 
AAAGATCTGGATCCCGGCTGGCGCCTTTTAGGTGCAAGATGGGCTCTAGACCTTCTACCAAGAACCCAGC 
ACCTATGATGCTGACTGTCCGGGTCGCGCTGGTACTGAGTTCCATCTGTCCGGCAAACTCCATTGATGGC 
AGGCCTCTTGCGGCCGCAGGAATTGTGGTAACAGGAGACAAAGCAGTCAACATATACACTTCATCCCAGA 
CAGGATCGATCATAGTGAAGCTCCTCCCAAATCTGCCCAAGGATAAGGAGGCATGCGCAAAAGCCCCCTT 
GGATGCATACAACAGGACATTGACCACTTTGCTCACTCCCCTTGGTGACTCTATCCGTAGGATACAAGAG 
TCTGTGACTACATCTGGAGGGGGGAGACAGGGGCGCCTTATAGGCGCCATTATTGGCGGTGTGGCTCTTG 
GGGTTGCAACTGCTGCACAAATAACAGCAGCCGCGGCTCTGATACAAGCCAAACAAAATGCTGCCAACAT 
CCTCCGACTTAAAGAGAGCATTGCCGCAACCAATGAGGCCGTGCATGAGGTCACTGACGGATTATCGCAA 
CTAGCAGTGGCGGTTGGGAAGATGCAGCAGTTTGTTAACGACCAATTTAATAAAACAACTCAAGAATTAG 
ACTGCATCAAAATTGCACAGCAAGTTGGTGTAGAGCTCAACTTGTACCTAACCGAATTGACTACAGTATT 
TGGACCACAAATCACTTCACCTGCCTTAAACAAGCTGACTATTCAGGCACTTACAA 
>I2. 
AGATCTGGATCCCGGTTGGTGCCTTCAAGGTGCAAGATGGGTTCCAAGTCTTCTACCAGGTTCCCAGTAC 
CTCTAATGCTGACCGTCCGAGTCATGCTGGCACTGAGTTGCGTCTGTCCGGCCAGCGCCCTTGATGGCAG 
GCCTCTTGCGGCTGCAGGGATTGTGGTAACAGGAGACAAAGCGGTCAACATATACACATCATCTCAGACA 
GGGTCAATCATAATCAAGTTACTCCCGAATATGCCCAAGGATAAAGAGGCGTGTGCAAAAGCACCGTTGG 
AGGCATACAACAGGACATTGACTACTTTGCTCACCCCTCTTGGTGATTCTATCCGTAGGATACAAGAGTC 
TGTGACCACGTCCGGAGGAAGAAAACAGGGACGCCTTATAGGAGCCATTATCGGTGGTGTAGCTCTCGGG 
GTCGCGACCGCTGCACAAATAACAGCAGCCTCGGCTTTGATACAAGCCAATCAAAATGCTGCCAACATCC 
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TCCGGCTCAAAGAGAGCATTGCTGCAACCAATGAGGCTGTACACGAGGTCACTGACGGATTATCACAACT 
AGCAGTGGCAGTTGGGAAGATGCAGCAATTTGTTAATGACCAGTTTAATAAGACAGCCCAGGAATTGGAC 
TGTATAAAAATTGCACAGCAAGTTGGTGTAGAACTCAACCTGTACTTAACTGAATTGACTACAGTATTTG 
GGCCGCAAATCACTTCCCCTGCCTTAACTCAGCTGACTATCCAGGCGCTTACAA 
>Clone30. 
GAAAGATCTGGATCCCGGTTGGCGCCCTCCAGGTGCAAGATGGGCTCCAGACCTTCTACCAAGAACCCAG 
CACCTATGATGCTGACTATCCGGGTTGCGCTGGTACTGAGTTGCATCTGTCCGGCAAACTCCATTGATGG 
CAGGCCTCTTGCAGCTGCAGGAATTGTGGTTACAGGAGACAAAGCCGTCAACATATACACCTCATCCCAG 
ACAGGATCAATCATAGTTAAGCTCCTCCCGAATCTGCCCAAGGATAAGGAGGCATGTGCGAAAGCCCCCT 
TGGATGCATACAACAGGACATTGACCACTTTGCTCACCCCCCTTGGTGACTCTATCCGTAGGATACAAGA 
GTCTGTGACTACATCTGGAGGGGGGAGACAGGGGCGCCTTATAGGCGCCATTATTGGCGGTGTGGCTCTT 
GGGGTTGCAACTGCCGCACAAATAACAGCGGCCGCAGCTCTGATACAAGCCAAACAAAATGCTGCCAACA 
TCCTCCGACTTAAAGAGAGCATTGCCGCAACCAATGAGGCTGTGCATGAGGTCACTGACGGATTATCGCA 
ACTAGCAGTGGCAGTTGGGAAGATGCAGCAGTTTGTTAATGACCAATTTAATAAAACAGCTCAGGAATTA 
GACTGCATCAAAATTGCACAGCAAGTTGGTGTAGAGCTCAACCTGTACCTAACCGAATTGACTACAGTAT 
TCGGACCACAAATCACTTCACCTGCTTTAAACAAGCTGACTATTCAGGCACTTTACAA 
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APPENDEX THREE 
Annotated protein sequences of Newcastle disease virus produced 
during this study the cleavage site motives is highlighted: 
Dongola. 
MGSRPSTKNPAPMMLTVRVALVLSSICPANSIDGRPLAAAGIVVTGDKAVNIYTSSQTGSIIVKLLPNLPKDKE
ACAKAPLDAYNRTLTTLLTPLGDSIRRIQESVTTSGGGRQGRLIGAIIGGVALGVATAAQITAAAALIQAKQNA
ANILRLKESIAATNEAVHEVTDGLSQLAVAVGKMQQFVNDQFNKTTQELDCIKIAQQVGVELNLYLTELTTVF
GPQITSPALNKLTIQAL 
Lasota. 
MGSKSSTRFPVPLMLTVRVMLALSCVCPASALDGRPLAAAGIVVTGDKAVNIYTSSQTGSIIIKLLPNMPKDKE
ACAKAPLEAYNRTLTTLLTPLGDSIRRIQESVTTSGGRKQGRLIGAIIGGVALGVATAAQITAASALIQANQNAA
NILRLKESIAATNEAVHEVTDGLSQLAVAVGKMQQFVNDQFNKTAQELDCIKIAQQVGVELNLYLTELTTVFG
PQITSPALTQLTIQAL 
DIK-ϵϬ͘ 
MGSRPSTKNPAPMMLTIRVALVLSCICPANSIDGRPLAAAGIVVTGDKAVNIYTSSQTGSIIVKLLPNLPKDKE
ACAKAPLDAYNRTLTTLLTPLGDSIRRIQESVTTSGGGRQGRLIGAIIGGVALGVATAAQITAAAALIQAKQNA
ANILRLKESIAATNEAVHEVTDGLSQLAVAVGKMQQFVNDQFNKTAQELDCIKIAQQVGVELNLYLTELTTVF
GPQITSPALNKLTIQAL 
'͘^͘ϭ͘ 
MGSRPSTKNPAPMMLTVRVALVLSSICPANSIDGRPLAAAGIVVTGDKAVNIYTSSQTGSIIVKLLPNLPKDKE
ACAKAPLDAYNRTLTTLLTPLGDSIRRIQESVTTSGGGRQGRLIGAIIGGVALGVATAAQITAAAALIQAKQNA
ANILRLKESIAATNEAVHEVTDGLSQLAVAVGKMQQFVNDQFNKTTQELDCIKIAQQVGVELNLYLTELTTVF
GPQITSPALNKLTIQAL 
/Ϯ. 
MGSKSSTRFPVPLMLTVRVMLALSCVCPASALDGRPLAAAGIVVTGDKAVNIYTSSQTGSIIIKLLPNMPKDKE
ACAKAPLEAYNRTLTTLLTPLGDSIRRIQESVTTSGGRKQGRLIGAIIGGVALGVATAAQITAASALIQANQNAA
NILRLKESIAATNEAVHEVTDGLSQLAVAVGKMQQFVNDQFNKTAQELDCIKIAQQVGVELNLYLTELTTVFG
PQITSPALTQLTIQAL 
ůŽŶĞϯϬ. 
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MGSRPSTKNPAPMMLTIRVALVLSCICPANSIDGRPLAAAGIVVTGDKAVNIYTSSQTGSIIVKLLPNLPKDKE
ACAKAPLDAYNRTLTTLLTPLGDSIRRIQESVTTSGGGRQGRLIGAIIGGVALGVATAAQITAAAALIQAKQNA
ANILRLKESIAATNEAVHEVTDGLSQLAVAVGKMQQFVNDQFNKTAQELDCIKIAQQVGVELNLYLTELTTVF
GPQITSPALNKLTIQAL 
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